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ABSTRACT 
Three cycloaddition routes to the anthracyclinones, typified by 
adriamycinone (1), were evaluated. In the first approach, which 
involved the cycloaddition of isobenzofurans (2) with quinone ketals (3) 
(scheme 1); anthraquinones were successfully synthesised but extension 
to anthracyclinones was unsuccessful. 
CH30 OCH3 
.. n--'-::---y-,-; MX::::: 
0 3 OMe o HO 
4 
Scheme 1 
The second approach involved the evaluation of the feasibility 
of the linear synthesis outlined in scheme 2. The crucial point of 
this strategy was found to be the nature of the R3 substituent. The 
sulphonyl group was found to be suitable and the feasibility of the 
overall strategy was demonstrated in a model study. 
R1 0 
R~ lOR' 96 • I I --- + ---1 ::-- R3 R3 
MeO 0 MeO 0 OR2 
5 6 7 8 
Scheme 2 
The third approach to the anthracyclinones required the 
synthesis of a fully substituted AB synthon, such as quinone (10). 
Synthetic routes, to such quinones, utilising Diels-Alder reactions 
OH 
(scheme 3) of p-benzoquinones and substituted 1,3-butadienes were 
investigated but found to be plagued by facile aromatisation of the 
A-ring. 
0 0 0 0 
Ri ~(R' RWOR4 R3 I I I I --- I BI A .. ··· OR1 • -R3 
36R2 OR2 0 6R2 
6 8 9 10 
Scheme 3 
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CHAPTER l 
AN INTRODUCTION TO THE SYNTHETIC APPROACHES 
TO THE ANTHRACYCLINE ANTIBIOTICS: 
ADRIAMYCIN AND DAUNOMYCIN 
I 
I 
j 
I 
2 
l.l GENERAL INTRODUCTION 
The anthracyclines, adriamycin (l}, 1 daunomycin (daunorubicin} 
(2) 2- 3 and · · (3) 4-5 f 1· · l · b f carm1nomyc1n , are o c 1n1ca importance ecause o 
h · . l t· t· · t 7- 11 t e1r ant,neop as 1c ac 1v1 y. They are currently obtained by an 
inefficient and expensive microbiological process. 12 As a result 
considerable effort is focused on the synthesis of these anthracyclines, 
0 0 
R' 
l. R = OCH 3, Rl = OH 
I 2. R = OCH 3, Rl = H I R 0 OH 6 
~ 3. R = OH, R1 = H 4. R = R1 = H HO 2 
HO 
with particular emphasis on general methodology allowing construction of 
analogues which may ~e even more active than the natural drugs e.g. 
4-demethoxydaunomycin. 13 
Retrosynthetic analysis of anthracyclines (1)-(4) suggests a 
logical disconnection into two halves: the sugar moiety, 1.-
daunosamine (5), and the aglycones (6)-(9).* To date, all syntheses 
6. R = OCH 3, Rl = 
R' 7. R = OCH 3, Rl = 
8. R = OH, Rl = H 
R O OH 
9. R = Rl = H 
5 
* The numbering of the anthracyclinone follows the IUPAC guidelines, 
however it has become common practise to represent the molecule as 
shown, with the rings labelled A, B, C and 0. 
OH 
H 
I 
3 
of these antibiotics are based on this analysis and practical methods 
for the synthesis of the sugar moiety and subsequent coupling to the 
aglycone exist. 14- 18 It is the synthesis of the aglycones which 
provides the synthetic challenges of which the most fundamental is the 
regiospecific* assembly of the tetracyclic skeleton with the correct 
relative orientation of the A and D ring substituents. This challenge 
has so taunted the synthetic organic chemist that two other challenges; 
namely asymmetric synthesis and the efficient introduction of 
functionality have received scant attention. 
The aim of this review is to critically survey the 1 iterature on 
the synthesis of adriamycinone and related compounds** using a 
classification based on retrosynthetic analysis. 22 It is not the 
intention of the author to attempt a complete retrosynthetic analysis 
of all steps in the overall syntheses, but rather to classify the 
existing syntheses according to common synthons at those steps which 
control the regiochemistry, and to make comparisons within and between 
these classifications. 
1 .2 SYNTHETIC APPROACHES TO THE ANTHRACYCLINONES 
Further retrosynthetic analysis of our target molecule (6) 
(scheme 1) gives a new target molecule (10), where R represents any 
functional group capable of chemical elaboration into the desired 
C9 functionality. Six planes of disconnection of target molecule (10) 
* Regiospecifi~ity1911refers to the directional preference of bond 
formation. If a reaction proceeds (without skeletal rearrangement) 
to give exclusively one of two or more possible isomers, it is 
called regiospecific. If there is a significant preponderance of 
one isomer formed it is said to be regioselective". 
** The literature on degradation and refunctionalisation20 or any 
other such interconversions of these compounds is not discussed nor 21 
are recent syntheses of analogues such as the 6 and 11-deoxy compounds . 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 
4 
will now allow us to classify the existing literature on the synthesis 
of the anthracyclinones by common synthons. 
0 OH 0 
OH 
CH 30 0 OH 
TARGET MOLECULE (10) 
Scheme 1 
1.2. l Disconnection l 
Retrosynthetic analysis of the target molecule (10) as shown 
in scheme 2 gives the A synthon (12) and the BCD synthon (11). While 
these particular synthons have never been used, Kerdesky and Cava 23 
0 0 OR 0 
~· 
r' 
CH 30 0 OH CH30 0 OR 
TARGET MOLECULE (10) BCD SYNTHON (11) A SY THON (12) 
Scheme 2 
( scheme J) have used the synthetic strategy to construct the dimethyl 
ether of( ±)-4-demethoxy-7-deoxydaunomycinone (17) which of course 
requires no regiochemical control in the key reaction between diene (15) 
and dienophile (12). 
5 
KEY REACTION 
~ OH ~ 0 ¢cCHl l. steps (' + + CH3 0 OH 0 OC H3 13 14 15 12 
0 OC H3 
16 
Scheme 3 
The C9 hydroxyl group was introduced in a separate step (16~17) 
and recent reports by Cava and associates 24 (scheme 4 ) on the synthesis 
of ketone (21) would seem to discount (on the basis of yield) the 
introduction of the C9 hydroxyl group simultaneously with construction 
of the tetracyclic backbone. 
18 
0 
TMSO~ Jl 
+ lf ' 
19 
Scheme 4 
Diene (22) is another synthetic equivalent of the BCD synthon 
18% 
( 11). In work re 1 a ted to this di ene, Voge 1 and co-workers2 5 (scheme 5 ) 
22 
have utilised diene (24) to prepare quinone (26) 
which is related to the anthracyclinones. Again 
the question of regiochemistry has been avoided 
and several adjustments of the oxidation level of adduct (25) were 
required to prepare quinone (26). 
KEY REACTION 
c~ 
0 
xv: 3 steps f + h ~
23 CH30 24 12 
0 OAc. 
a.b.c. .d 
25 
Reagents: 
Scheme 5 
6 
In summary, neither of the syntheses in this classification has 
attempted to solve the problem of regiochemistry. 
1.2.2 Disconnection 2 
1.2.2.i Cycloaddition reactions 
Retrosynthetic analysis of the target molecule (10) with the 
objective of using a pericyclic disconnection gives the A synthon (29) 
and BCD synthon (28) (scheme 6 ). 
7 
0 H,O O,,H 0 o"'H 0 
R R m YR • 
CH30 0 H,,O CH30 0...._H 0 CH30 O,H 0 
TARGET MOLECULE ( l O) 27 BCD SY THON (28 ) A SY TH ON 
Scheme 6 
To date all reported attempts to trap the unfavourable tautomeric 
form (30b), of quinizarin (30), with l ,3-butadienes have been 
unsuccessfu1 26 (scheme 7). Birch and co-workers 27 have demonstrated 
the enhancement of the dienophilicity of quinizarin via the boric 
ester (31), however in all cases addition was accompanied by aromatisa-
tion of the A-ring (scheme 7 ). 
0 HO OH 0 
~ ~ X Slow destruction ~ . of diene 150 
0 HO OH 0 
30a 30b 
lOAcl2 (OAcl2 
rC:'. B B..._ o" 'o o' o 0 HO ~ ~ Rl R3 - t,. R2 
o • .,.0 0,
8
.,o 0 HO 
B 
(OAcl2 (0Ac) 2 
31a 31b 
32. Rl = Me, R2 = H = R3 35. Rl = Me, R2 = H 
33. Rl = R2 = Me, R3 = H 36. Rl = R2 = Me 
34. Rl = OTMS, R2 = H, R3 = OMe 37. Rl = OH, R2 = H 
Scheme 7 
(29 ) 
8 
A synthetic equivalent for the BCD synthon (28) which has been 
used in the synthesis 
~: 
R O 0 
38. R = OCH 3 
39. R = H 
of the anthracyclinones is diquinone (38). Two 
main difficulties arise with such an appro ach : 
first, many dienes preferentially react at the 
C4a-C9a double bond (internal adducts) rather 
than the C2-C3 double bond (external adducts ) 
of diquinones (38) and (39) (site selectivity*); 
and second, the unsymmetrical diquinone (38) exhibits no regiochemical 
control in Diels-Alder reactions (regiospecificity). Several 
papers 29 - 31 have examined the site selectivity of numerous dienes with 
diquinone (39) . It was concluded that there appears to be no 
predictable pattern of reactivity at either double bond. 
Chandler and Stoodley32 have examined this problem of site 
selectivity. In model studies with epoxide (40) a variety of linear 
~ 
0 0 
40 
adducts could be obtained, however the introduc-
tion and removal of the epoxide blocking group 
are inefficient processes and no application of 
this methodology has been reported to date. 
Kende and collaborators31 (scheme B) have used diquinone (38) 
in the synthesis of (±)-daunomycinone (7) and (±)-carminomycinone (8). 
In the key step the judicious choice of 2-acetoxybutadiene (42) solved 
the problem of site selectivity but gave a regioisomeric mixture of 
adducts (43) which after enolisation and hydrolysis gave a mixture 
(ca l :l) of ketone (44) and (45). Ketone (44) after separation was 
chemically elaborated to (±)-carminomycinone (8) by methods which are 
fairly typical of the literature. 
* Site selectivitT is defined28 as "that selectivity shown by 
towards one siteor more) of a polyfunctional molecule, when 
sites are, in principle, available". 
a reagent 
several 
9 
KEY STEP 
0 0 0 
a 
~J M + OAc CH 30 0 OCH3 CH30 0 380 0 I o 42 43 
41 
JR 
0 HO 0 0 HO 
7 CH 30 0 HO CH 30 0 HO 
46 + 
0 HO 0 0 
CH30 0 HO OH CH30 0 HO 
47 ~ 0 HO 
OH O HO OH 
8 
Reagents: (a) Ag(II)O; (b) NaOAc,HOAc, ti ; (c) H\ EtOH; (d) HC-=CMgBr; 
(e) HgO, H\ (f) Br2, cc1 4, hv; (g) silica gel; (h) TFA; 
(i) A1Cl 3. 
Scheme 8 
Two other variations on this diquinone theme are recorded in the 
literature, one by Kelly and Tsang 33 and the other by Garland and 
associates, 34 both of which use diquinone (39). Neither of these 
syntheses contain any regiochemical challenge however the latter 
synthesis ( cheme 9) contains a new concept, namely the introduction of 
44 
45 
10 
the A-ring functionality in a convergent fas hion rather t han a last 
minute adjustment after the construction of the tetracyclic skeleton. 
Diene (48) is used to introduce a trimethylsilyl group (a latent 
hydroxyl group) at C7, which inhibits aromatisation of the A-ring 
during chemical elaboration of the C9 functionality, and then in the 
key step is transposed into the acetoxy group by oxidation with lead 
tetracetate. 
~ yoAc 
~·r-o 
0 0 Si(CH3J3 
39 48 
0 HO OH 
52 
0 0 
0 0 
49 
h,i 
OAc 
Si(CH
3
J
3
~ct~, ·------'--'--=---. 
KEY STEP 
0 HO 
C::::CH 
0 HO Si1CH3l3 
lib 50 
Reagents: (a) 
(e) 
( h) 
+ Pd/BaS04, Hz; (b) H , MeOH; (c) TFA, HzO; (d) HC:::CMgBr; 
Pb(OAc)4, AcOH; (f) KOAc, HOAc, ~; (g) NaHS03, HzO; 
HgCl, H20, ~; (i) H+ . 
Scheme 9 
Another synthetic equivalent of the BCD synthon (28) is quinone 
(55). Kelly and co-workers26 published model studies ( cheme 10 ) in 
which they demonstrated the trapping of the unfavourable tautomeric 
form (55b) with diene (56) . Degradation of the isomeric adduct (57) 
showed this to contain greater than 80% of the undesired regioisomer (59) . 
11 
KEY CO CEPT 
0 HO 0 HO OH 0 
9 + ¢¢-~~m + T CH30 0 HO CH30 055~0 CH 30 55 bOH 0 OCH3 56 53 54 i 
R 0 HO OH 
a,b,c CH 30 
0 HO OH 0 
58. R = OH, R = H 57 
59. R = H, R = OH 
Scheme 10 
The observed regioselectivity was rationalised26 in terms of 
competitive hydrogen bonding of the ClO hydroxyl group with the peri 
~: 
CH 30 OH 0 
55b 
methoxy l and the C4 carbonyl. This competition 
causes the C4 carbonyl to be less electron 
withdrawing than the Cl carbonyl which polarises 
the C2-C3 double bond and controls the regio-
chemistry of the cycloaddition. 
Kelly and his associates 35 (s cheme 11 ) subsequently refined the 
methodology and solved the problem of regiochemistry in the synthesis 
of daunomycinone (7). The essence of this synthesis is highlighted in 
the two key steps. The unifying feature in both steps is the regio-
chemical control by the ester group in first the synthesis of the 
quinone ester (61), and second in the Diels-Alder reaction affording 
adduct (6 2). 
KEY STEP 1 KEY STEP 2 
R, 
0 OR O O OR O 
+¢¢-=-M~~ 
0 HO CHp O ,,0 CH30 OH 0 
9 
R;: co@-No2 
60 61 a H 61 b j 
Reagents: 
0 
0 HO 
7 
a,b,c,d.e,f 
OR 
OH O OTMS 
62 
+ (a) H; (b) Zn, HOAc, THF; (c) HC=CMgBr; (d) o2, OH-; 
(e) 6; (f) HgS04/H2so4. 
Scheme 11 
12 
OTMS 
Again the regiospecificity can be rationalised36 in terms of 
polarisation of the C2-C3 double bond due to "resonance donation into 
R 
'o) o) 
~: 
0 0 
60 " ..-, H 
the C4 carbonyl thereby rendering the Cl 
carbonyl the most electron withdrawing substituent 
on the C2-C3 double bond". 
Another synthetic equivalent of the BCD synthon (28) is the 
anthraquinone (63) which Farina and co-workers 37 (s cheme 12 ) have 
used to prepare compounds (65) related to the anthracyclinones. The 
major disadvantages of such an approach are the lack of regiochemical 
control in the key Oiels-Alder reaction and the incorrect oxidation 
level of the C-ring in adduct (64). 
Reagents: 
~ 
0Ac 0 63 
KE Y DIELS·ALDER REACTION 
YOEt + -h 
AcO 
OAc 0 
I 64 
1~ 
0 HO 
65 
OEt 
+ (a) AczO,py; (b) H ; (c) HSCH2CH2SH, BF3.EtzO; (d) Cr03, 
HOAc, H20. 
Scheme 12 
13 
Hodge and collaborators 38 ( scheme 1 3) have avoided the question 
of regiochemical control and demonstrated the preparation of (±)-4-
demethoxy-7-deoxydaunomycinone (68) from l,4-anthraquinone. 
66 
0 
67 
a-~ 
0 HO 
68 
Reagents: (a) Ac2o, NaOAc, ti ; (b) Br2; (c) Cr03, H20, HOAc; (d) Zn, 
AcOH, ether; (e) TFA, ti ; (f) MezS04, K2C03; (g) BzH5; 
(h) H2o2, OH-; (i) AlCl 3, nitrobenzene; (j) DCC, DMSO, ti ; 
(k) HC=CMgBr, THF; (l) H2so4, HgO. 
Scheme 13 
,, . 
1.2.2.ii Marschalk reaction 
An alternate analysis of the target molecule (10) as shown in 
scheme 14 gives the A synthon (70) and the BCD synthon (69). 
R 
TARGET MOLECULE 10 BCD SYNTHON 69 A SYNTHON 70 
Scheme 14 
14 
Sih and associates 39 (scheme 15 ) have utilised quinone (71) as 
a synthetic equivalent for the BCD synthon (69). In the key step · 
KEY STEP 
~ HO a H3 b-
CH 30 0 71 
Reagents: 
CH30 0 72 CH30 0 HO 
73 
l S steps 
0 0 HO 
g 
2- - + (a) HzCO, S204 , OH ; (b) AczO, H ; (c) NBS; (d) NaH, 
EtOzCCHzC(COCH3)2; (e) OH- HzO; (f) Elb's oxidation; 
(g) Na 2s2o4, OH-; (h) H+. 
Scheme 15 
0 
l 5 
Marschalk alkylation* was used to regiospecifically produce quinone {72) 
which was chemically elaborated to quinone (73). Quinone (73) would 
not cyclise** under conventional acidic (HF, cone H2so4, PPA, BF3.Et2o) 
or basic reagents (NaH, LOA, NaOMe, KtBuO), however conversion to 
aldehyde {74) followed by cyclisation (Marschalk reaction) and 
hydrolysis of ketal (75) afforded (±)-7,9-dideoxydaunomycinone (76).*** 
The overall synthesis while being regiospecific was lengthy and low 
yielding. An improvement to this synthesis is suggested by the work 
of Boatman and associates 42 (scheme 16) Hho employed both organo-
lithium reagents and Friedel-Craft acylation to affect cyclisation of 
the reduced anthraquinone {77). 
CH30 OCH3 CH30 oc~o 
77a. X = Br n-Bul i /THF (55%) 78 
b. X = H TFAA (100%) 
substrate reagent ~ 
Scheme 16 
In summary the most notable synthesis in this classification was 
the Diels-Alder approach of Kelly and associates 35 (s cheme 11 ) which 
was short, efficient and regiospecific. The question arises however, 
* Morris and Brown40 have also examined the Marschalk reaction in the 
construction of model compounds. 
** Other workers 41 - 42 have examined this general problem which 
presumably results from the strong electron withdrawing effect of the 
anthraquinone system. 39 
*** 4-Demethoxy analogues have also been prepared by this methodology. 
I\ 
1 
OTMS 
79 
l . 2.3 Disconnection 3 
16 
whether the regiospecificity would be 
preserved with more highly functionalised 
dienes, such as diene (79). A positive 
answer would make the approach even more 
attractive . 
Retrosynthetic analysis of the target molecule (10) as shown in 
scheme 17 gives the A synthon (82) and the BCD synthon (81). To date 
OR1 0 
=R~~:+~UR 
CHp O H,.,O CH30 OR 0 
TARGET MOLECULE (10) BCD SYNTHON (81) A SY NTH ON (82) 
Scheme 1? 
only model compounds, related to the anthracyclinones, have been 
synthesised by this synthetic strategy . Hauser and Prasanna 43 
(scheme 18 ) have examined the use of phthalide anions with a , 8-
unsaturated esters (84) as Michael acceptors in the synthesis of 
several likely anthracyclinone intermediates, however there is no regio-
chemical challenge in this work. 
~o
2
c
6
~ 
CHO O 3 
83 
y• a-b • 
0 
84 
Reagents: (a) LOA; (b) Me 2so4. 
Scheme 18 
OCH3 
R 86. R = H 
87. R = C02Me 
CH30 OCH3 0 88 . R = COCH 3 
85 
Retrosynthetic analysis of the target molecule (10) as shown 
in scheme 19 gives the A synthon (90) and the BCD synthon (89). 
17 
While this synthetic strategy does not strictly belong in this class-
ification it is convenient to discuss it at this stage. 
H, 
0 0 
CH30 0 0 H,., 
R 
TARGET MOLECULE (10) 
R w-•.µR 
CH 30 OR
1 O 
BCD SYNTHON (89) A SY THON (90) 
Scheme 19 
Naphthalene (93) is a synthetic equivalent of the BCD synthon 
(89) because of the functional equivalence of nitriles as acyl 
carbanion equivalents. 44 45 Two American research groups ' have 
published regiospecific anthracyclinone syntheses using naphthalene (93) . 
Both syntheses are very similar and the approach will be illustrated 
by examination of the better documented work of Parker and 
Kallmerten44 who also examined naphthalene (92) in a similar role. 
The important points of the synthesis (s cheme 20 ) are the regiospecific 
synthesis of the BCD synthon (93) and its subsequent coupling with the 
a, 8-unsaturated ester (94) to regiospecifically produce ester (96), 
which after cyclisation and chemical elaboration afforded (±)-7,9-
dideoxydaunomycinone (76). 
In summary the methodology as typified in scheme 20 represents 
the only regiochemically controlled synthesis of the anthracyclinones 
within this classification. 
18 
KEY STEP 
OH CN n CN 
¢ ff 6 steps X:H a 9 steps X:OCH3 0 
OH 91 OC2H5 CH 30 X 
OC2H5 
94 
CT 
92. X = 95. '"' 
93. X = 96. 
3 steps d,e.f 
6 steps 
CHp 0 HO CH 30 X 0 CH30 X 0 
76 99. X = H 97. X = H 
l 00. X = OMe 98. X = OMe 
Reagents: (a) KH; (b) OH-; (c) TFA, TFAA; (d) LOA; (e) 02; (f) NaHS0 3, 
H20. 
Scheme 20 
l.2.4 Disconnection 4 
Only one synthesis 46 of a model compound (106) exists in this 
classification (s cheme 21). The key intermediate (102) is 
CH30 0 0 
~3 ~'~ 2 steps 
CH30 l 01 CH30 CH O l 03 3 
¢~ OH 0 OzCH:3 
CH30 CH30 CH 30 0 HO 
l 04 105 106 
Reagents: (a) o3, EtOAc, KI; (b) Cr03, H2so4; (c) CH 2N2; (d) BBr3; 
(e) CAN; (f) Na2Sz04; (g) HzS04; (h) CHzNz· 
Scheme 21 
• .. 
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regiospecifically produced by three different routes and is then 
chemically elaborated to ester (106). The synthesis would appear to be 
of rather limited scope. 
1.2.5 Disconnection 5 
1.2.5.i Cycloaddition reactions 
Retrosynthetic analysis of the target molecule (10) as shown in 
scheme 22 using a pericyclic disconnection gives the AB synthon (109) 
and the CD synthon (108). While model studies between t he methoxy 
bisketene (108) and naphthoquinone have been reported, 47 all successful 
anthracyclinone syntheses utilising this synthetic strategy involve 
synthetic equivalents of the CD synthon (108). 
0 HO 0 
R R 5Xco + «1" co 
CH30 0 HO CH30 0 0 CH3 0 
TARGET MOLECULE 10 107 CD SYNTHON 108 AB SY THON 109 
Scheme 22 
K t · 48 W · 49 d K d 5o h . d h t th ame an,, 1seman an en e ave examine approac es o e 
anthracyclinones using synthetic equivalents to the AB and CD syntho ns 
as analysed in scheme 22 . Kametani and collaborators48 (scheme 2.3) . and 
Wiseman and co-workers49 (scheme 24 ) have examined the reaction of 
£_- quinodimethanes* (110) and (114) with quinones (111) and (115). In 
both cases the key step, for the construction of the tetracyclic back-
bone, gave regioisomeric mixtures. Wiseman49 used this methodology to 
prepare (±)-4-demethoxy-7-deoxydaunomycinone (68) but naturally this did 
not require regiochemical control in view of the lack of the C4-methoxyl 
group. 
* See also reference 37 for some model compounds related to the anthra-
cyclinones. 
[c:nJ 
11 0 
Reagents: 
Br 
117 
KEY STEP 
0 
¢cP o_ 
O CH30 
111 112 Two 
+ (a) [OJ; (b) H • H20· 
Scheme 23 
KEY STEP 
115 
0 
118 
Scheme 24 
0 
o.b 
0 i somers 
0 11 6 R or R1 : OMe 
o,b,c. 
20 
0 HO 
0 HO 
11 3 Two isome rs 
Reagents: 
(a) Zn, Et3N, Ac20 
(b) Cr03, AcOH, H20 
( c) HCl, AcOH, H20 
0 HO 
68 
Kende and associates 50 (scheme 25 ) utilised isobenzofuran (119) 
and quinone (120) to prepare (±)-4-demethoxy-7-deoxydaunomycinone (68) 
which was further elaborated to (±)-4-demethoxyadriamycinone (122), 
however in the key step for the synthesis of daunomycinone itself, a 
regioisomeric mixture (ca l :1) was obtained, which frustrated attempts 
to prepare (±)-7-deoxydaunomycinone (46) in a regiospecific way. 
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A solution to this problem of regiochemical control in 
schemes 23 , 24 crnd 25 is suggested by the work of Wiseman and 
associates 51 ( scheme 26) who demonstrated that polarisation of the 
diene (126) and dienophiles (127 or 128) by bromine substituents at the 
centre of reaction directs the regiochemistry of addition. 
i ' 0 HO OH 0 HO OH 
KEY STEP 122 52 
lr1 a-d R1 0 HO 
123 124 Two isomers 46. R = H R
1 
1 = OMe 
125. R = OMe, R1 = H 
Reagents: (a) NaOAc, HOAc, 6; (b) Zn, Ac 20; (c) Cr03, HOAc, H20; 
(d) HCl, HOAc; (e) Br, CCl4; (f) Ag02CCF3, DMSO; (g) H20; 
( h) T FA; ( i ) Me OH ; ( j ) Br 2 , CH C 1 3; ( k) OH- . 
Scheme 25 
Alternatively the intramolecular Diels-Alder reaction of ~-quino-
dimethanes is an established route to steroids 52 and such an approach 
(s cheme 27 ) could be envisaged for the anthracyclinones. 
22 
I I 46% 
Br 0 
B,~CH3 
A 
« 
o 127 ~c~ + + ~ 
0 
c~ 
CH30 
126 
CH 30 
B,~ 40°/. 
129 
I I ?. 
CH3 8 
0 128 
RATIO OF PRODUCT (129) TO (130) 
PATH A 92:8 
PATH B 8:92 
Scheme 26 
131 132 
Scheme 27 
0 CH30 0 130 
- anthracyclinone 
An alternate analysis of the target molecule (10) as shown in 
scheme 28 gives the AB synthon (134) and the CD synthon (133). 
Several authors have examined approaches to the anthracyclinones using 
synthetic equivalents of these synthons which employ either the 
Friedel-Craft reaction or organometallic reagents. 
CH30 0 HO 
TARGET MOLECULE 10 
«:. =W 
CH30 0 OH 
CD SYNTHON (133) AB SYNTHON (134) 
Scheme 28 
1.2.5.ii Friedel-Craft reaction 
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The approach using Friedel-Craft acylation 53- 56 is best 
illustrated by the work of Wong and associates 54 (scheme 29 ), who 
demonstrated its applicability to the synthesis of (±) -4-demethoxy-
7,0-methyldaunomycinone (137). Unfortunately subsequent application of 
this methodology, while yielding the first total synthesis of 
daunomycinone (7), 54b gave poor yields and lacked regiochemical 
control in the key Friedel-Craft acylation. The C7 hydroxyl group was 
introduced by the common but inefficient benzylic bromination route. ©¢"'.c~~o a a a Ha 0 
OH CH30 0 OCH3 
135 136 17 
KEY FRIEDEL - CRAFT REACTION 
~t a-c 
0Ac 
OH 0 OCH3 138 139 
Reagents: 
(a) TFAA (g) AlC1 3 
(b) OH (h) Pb(0Ac) 4 
(c) HF (i) MezS04, KzC03 , 
( d) EG, H+, c6H6, 6 acetone (e) NBS ( j) TFA 
( f) MeOH ( k) NH 40H, acetone, 
Scheme 29 
6 
0 HO OCK:J 
0 
137 
' 
OCK:J OCK:J 
140. R= OCH 3, R
1 
= H 
141. R= H, R1 = OCH 3 
(RATIO 1 : 1) 
0 
'···· 
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Whatever the reason(s) (apart from the use of an isomeric 
mixture (138) of 3-acetoxyp hthalic acid mo nomethyl ether ) for the lack 
of regiochemical control in this synthesis (scheme 29 ), it should be 
57 pointed out that the Hayashi rearrangement can also complicate this 
general approach to the anthracyclinones. A particularly facile 
example in a related field (scheme 30 ) has been reported by Ke nde and 
58 
co-workers, however to date no examples have been reported for the 
anthracyclinones. 
OCH3 
143 
Scheme 30 
144 
S O I O O l h • 54 l l h bl O h d ,nee Wong s or1g1na synt es1s, severa peop e ave pu ,s e 
improved procedures which essentially follow the original strategy 
as elaborated by Wong. For instance both Hodge 59 and Rama Rao 55 have 
56 improved the synthesis of hydroxyketone (136) while Arcamone has 
refined the overall reaction and utilised optically active hydroxy-
ketone (136) (obtained by resolution) to prepare both enantiomeric 
forms of 4-demethoxydaunomycinone (9). Further in 1977 Terashima and 
collaborators60 published the first of a series of communications which 
addressed, for the first time, the preparation of optically active 
. 1 . . 60a-c anthracyclinones utilising asymmetric bromo actan1sat1on 
11 db .d . 60d-et. h asymmetric reduction fo owe y epox, at,on ogive t e 
and 
optically 
active intermediate (136) which was converted by literature procedures 
56 (ca the Friedel-Crafts approach of Arcamone ) to optically pure 
4-demethoxydaunomycinone (9) (s cheme 31 ). 
,, 
""' t-, 
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c~ c~.c~ h 0 ~ 
CH 0( - ) 148 CHp CHO 149 CHO 150 J 3 J l~ 1~-
0 .:.._ 0 ~ C02H c~ c$:Y 151 c~.c~ 
CH30 CH30 152 
145 146 :., 
CH30 J° 
~CH30 
c~1s C~OCH3 c~ minor +O d-f g isomer H 0 
153 CH30 154 cH3o 155 
( R) ( - )- 136 CH30 
0 
literot u-e 
methods 
0 HO OH 0 HO 
9 (-)68 
Reagents: (a) (S)(-)-ethylprolinate; (b) KOH, EtOH; (c) NBS , KtOBu, DMF; 
(d) n-Bu3SnH; (e) MeOH; (f) CH2N2; (g) Meli; (h) NaBH4; 
(i) t-BuOOH-Vo(acac)2, C5H5; (j) LiAlH4; (k) Ag2C03-celite. 
Scheme 31 
Two research groups 61 - 62 have examined modification of this 
Friedel-Craft acylation methodology (scheme 29 ) with the aim of 
solving the problem of regiochemical control. Kende and co-workers 61 
( scheme 32) used a photochemical Fries rearrangement of ester (156) to 
prepare the key intermediate (157) which was subsequently cyclised by 
Friedel-Craft acylation and chemically elaborated to (±)-9-deoxy-
daunomycinone (158). This regiospecific synthesis (overall yield less 
ll' 
11 
26 
than 5%) was marred by the necessity of sepa rating mixtures (ca 2:1) of 
ester (156) and ketone (157) from the low yielding photochemical 
reaction. It is noteworthy however that the C7 hydroxyl group is 
already incorporated into the AB synthon. 
KE Y STEP 
0 HO 0 
Scheme 32 
In contrast Sih and associates62 reported a similar synthesis of 
0 OH 0 
(±)-7-deoxydaunomycinone (46) involving 
a thermal Fries rearrangement which 
CH30 o OH exhibited no regioselectivity at all. 46 
Recently a novel Friedel-Crafts alkylation has been utilised by 
Johnson and collaborators63 to prepare anthracyclinones. In the key 
step (s cheme 33 ) the Friedel Crafts alkylation regiospecifically 
produces lactone (161) which was cyclised and chemically elaborated to 
(±)-7,9-dideoxydaunomycinone (76) (20% overall yield). 
1.2.5.iii Organometallic reagents 
Swenton and collaborators64 (s cheme 34 ) have reported a synthesis 
of (±)-7,9-dideoxydaunomycinone (76) using lithiated quinone bisketal 
(165) as a synthetic equivalent of the AB synthon (134). The pivital 
step involves the regiospecific addition of the lithiated quinone 
27 
KEY STEP 
~ ~R ,, ~02R + 0 C02R 
CHO Br OR1 CH30 ORI 3 159 160 161 
R = CH 3 or Et t 
0 
.. 4 C02R ... OzR 
CH30 0 HO CH30 0 CH30 OR
1 0 
76 163 162 
Reagents: (a) SnCl 4 ; (b) OH-; (c) TFA, TFAA 
Scheme 33 
PIVITAL STEP 
Br Q¢"' a 
CH:P OCH3 CH30 OCH3 CH30 0CH3 
l 165 166 er I 0. B,w 
,;~ 
0 
CH30 0 
166 CH30 168 CH30 0 HO 76 
Reagents: (a) Buli; (b) TFA, SnC1 2 , H20; (c) OH-; (d) HF. 
Scheme 34 
28 
bisketal (165) to the more accessible carbonyl of the phthalate (166) 
to give ketone (167). Chemical elaboration of the ketone (167) via 
reductive hydrolysis to the hydroquinone, saponification and Friedel-
Craft acylation afforded (±)-7,9-dideo xydaunomycinone (76). The 
alternute addition of aryllithium (168) to phthalate (166) was reported 
to be regiospecific but not as convenient.* 
The latest application by Swenton64 d of this methodology 
describes an elegant synthesis of (±)-4-demethoxydaunomycinone (9) . 
This synthesis which contains no regiochemical challenge utilises 
benzocyclobutenedione monoketal (169) in a one step process to the 
tetracyclic backbone in which the thermal and acid labile A-ring is 
already incorporated ( scheme 35 ). 
Reagents: (a) Buli, THF; (b) H+. 
Scheme 35 
1.-demethoxy-
daunomyc,none 
9 
In conclusion the most notable publications, within this 
classification, from the point of view of regiochemical control are 
the syntheses by Swenton and his collaborators64 (s cheme 34 ) and 
Johnson and his colleagues63 (s cheme 33 ) . 
1.2.6 Disconnection 6 
Retrosynthetic analysis of target molecule (10) as shown in 
scheme 36 gives the ABC synthon (173) and the D synthon (53). 
* Model studies using aryllithiums in a similar manner have also been 
reported by Alexander and Mitscher.65 
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0 0 HO 
R R 9 ~R + 
CH30 0 HO CH30 0 HO 
TARGET MOLECULE 10 D SY NTHON ( 5 3) ABC SY THON ( 173} 
Scheme 36 
Several workers have examined this approach 38 •66 -67 ,68 to the 
anthracyclinones, the principles of which will be illustrated by 
considering Krohn's synthesis66 ( scheme Z? ) of daunomycinone (7).* 
The major problem with ihis type of approach is the lack of regio-
chemical control in the key step that completes the tetracyclic 
backbone, however a potential solution to this problem is suggested 
by the work of Kelly and associates 36 (s cheme 38 ) . The essentia l 
KEY STEP 
.:. 
·9 i CH30 
0 HO OH CH30 0 HO OH O OH 
174b 53 175 Two 
1 IOI 
2, b 
174a \ 
OH 0 
w • ;:rOTMS 
OH 0 OTHS 
R O HO 
OH 
isomers 
54 7. Rl = H, R = OMe 
176. Rl = OMe, R = H 
Scheme 3? 
* Krohn 66 did demonstrate the viability of this methodology for 4-
demethoxy analogues . 
30 
feature of which is the regiochemical cont ro l (vide supra page 12) by 
the ester group in the key steps l and 2. The A-ring wa s epoxid is ed 
to prevent facile aromatisation by lo ss of methanol, whi le the reg io-
chemical homogeneity of adduct (179) was demon strated by deg ra da tion 
to quinone (180). 
KEY STEP 1 
~·r-·~"o o-b -
OH O OCH:J O,H O OCH:J 
60 56 177 
OH 0 OCH3 
178a 
OH O HO 
180 
,,v ·· 
/ 
0 OR 
0 HO 
179 
KEY STEP 2 J 
0 OR 
:0 ~9 . . :::--.. 
OCH3 CH 30 0 HO OCH3 
53 178b 
Reagents: (a) MCPBA; (b) Pb02; 
(c) OH-, Oz; (d) ~; (e) Hz, Pd; 
( f) 8Br3 
Scheme 38 
Another retrosynthetic analysis of target molecule (10) is 
shown in scheme 39 , hm-Jever to date only model studies using this 
synthetic strategy have been reported by Swenton and associates 69 
(scheme 40 ) . Michael addition to quinone monoketals (184) (AB synthon 
equivalent) has been used to construct anthracyclinones (186) and 
anthraquinones . 
In conclusion there are no regiochemically controlled syntheses 
of the anthracyclinones within this classification. 
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0 HO O=«: + ~w 
CH30 0 HO CH30 0 OH 
TA RG ET MOLECULE 10 CD SYNTHON (181) AB SYNTHO (182) 
Scheme 39 
R 
0 HO 185 R = H or O HO 186 
Reagents: (a) NaH; (b) TsOH, c6H6, t:J. . 
Scheme 40 
1.3 CONCLUSION 
To date the total synthesis of adriamycin (1) has been formally 
achieved, however the current methodology still does not offer a 
synthetic method competitive with the microbiological preparation of 
adriamycin (1). Further, while several solutions to the regiochemical 
challenge of the aglycones exist only preliminary examin ations of 
asymmetric synthesis (scheme 31 ) and the convergent introduction of the 
A-ring functionality (scheme 35 ) have been reported. A synthesis which 
combines all three features is yet to be achieved. If these were not 
reasons enough for the study of synthetic routes to the anthracyclinones, 
consider also the value of new analogues that may, become (or have 
become) available by establishment of general synthetic routes to the 
anthracyclinones. Finally during the course of this thesis, the 
chemistry of daunomycin and adriamycin has been the subject of several 
reviews 70 and extensive investigation. 
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CHAPTER 2 
APPLICATION OF ISOBENZOFURANS AND ISOBENZOFULVENES 
TO THE SYNTHESIS OF ANTHRACYCLINONES 
39 
2. l I TRODUCT ION 
* ** Isobenzofuran (1) and isobenzofulvene (2) are two molecules 
which contain the o-quinodimethane moiety, and like o-quinodimethane (3) 
itself, are highly reactive. They undergo cycloaddition reactions with 
great ease, especially across the 8n position. Whereas 
isobenzofuran (1) 2-4 has been isolated, isobenzofulvene (2) and 
several of its derivatives have only been generated 5-8 and trapped 
in situ by suitable dienophiles. 
7 6~~ 
5~ 4 3 
l. 
7 1 
6~ 
5~ 
4 3 
2. 
ex 
I 
811" position 
3. 
. 9-12 Recent reports of novel methods of generating 1sobenzofurans 
have been accompanied by a steady increase in their use in the 
10 13 . 11-12 synthesis of natural products ' and linear polycyclic systems 
However, no synthetic applications of isobenzofulvenes have been 
documented. 
In 1977 Kende and his associates 13 used isobenzofuran (1) to 
synthesise (±)-4-demethoxyadriamycinone (4) (see page 21 ). However 
their attempt to prepare adriamycinone (5), by analogous methodology 
(scheme 1 ), was frustrated by the inability to locate the 4-methoxy 
OH 
4. R = H 
5. R = OMe 
0 OH 
* The chemistry of isobenzofuran has been reviewed 1. 
** The Chemical Abstracts name for this compound is 2-methylindene-
2H-indene but the trivial name isobenzofulvene wil l be used 
throughout the text . 
' \ 
group regiospecifically . Thus the synthesis of the adriamycinone 
precursor (11) lacks regiochemical control in the key step and 
l eads, after chemical elaboration, to a mixture (ca. 1:1) of 
regioisomers (11) and (12), which require separation to ensure 
specific preparation of the natural aglycone. 
6 7 
11 . R= OMe, R 1 = H 
12. R = H, R1 = OMe 
KEY ST P 
c-d ~
R O HO OCH3 
40 
OAc 
10 
9 
Reagents: + (a) NaOAc, HoAc, 6; (b) Zn, Ac 20; (c) Cr03, HOAc, H20; (d) H . 
Scheme 1 
To address this problem of regiochemical control of the 
distal functionalities (scheme 1), three synthetic approaches to 
R'QO ,---, 
I I :: 
... _ .. , 
the anthracyclinones have been investigated. CH3~;?) The common feature of these strategies is the 
.. __ ., 
of a substituent at the 1-position of 0 
13 
use an 0 14 
isobenzofuran (or isobenzofulvene) to control 
the regiochemistry of its cycloadditions to unsymmetrical dienophiles 
such as the quinone (13) or the quinone ketal (14). 
This chapter is divided into three sections; the first 
deals briefly with the generation of isobenzofurans and 
isobenzofulvenes, while the last two are concerned with the 
synthesis of the anthracyclinones. The retrosynthetic analysis 
of each synthetic strategy is discussed individually in the 
appropriate section. 
2.2 GENERATION OF ISOBENZOFULVENES AND ISOBENZOFURANS 
41 
In this study all isobenzofurans and isobenzofulvenes used 
in cycloaddition reactions were generated in the presence of the 
* appropriate dienophile by either of two methods : the "s-tetrazine" 
method (scheme 2) 2•6•8 or Fiesers's methods 14 (scheme 3). 
CQ© + iN ~N ' ~o :N r~i yN~~~ -~2 N~~R + 
Py Py . Py 
R= 0 17. 18. R= 0 20. R= 0 l . R= 0 
$ 
Py 
23. 15. 
16. R= C=C(CH 3)2 19. R= C=C(CH3)2 21. R= C=C(CH 3)2 22. R= C=C(CH3)2 
Scheme 2 
The s-tetrazine method is a one pot procedure involving a 
. ,: t· d 15 series 01 ,me events . An initial reverse electron de~and 
Diels-Alder reaction 16 of the tetrazine (17) with the ring 
stained dienophile (15 or 16) gives an adduct (18 or 19) which 
* Other methods have already been referenced in the introduction. 
42 
R ©Cµ. ~o ~ 
R R 
15. R= H 
24. R= CH3 
25. 26. R= H 
27. R= CH 3 
28 . R= H 
29. R= CH 3 
1. R= H 
30. R= CH3 
Ph 
15 + o~h 
YPh 
Ph 
31. 
so· 
Scheme 3 
Ph 
Ph 
32 . 
::-~-~-~·-[W] 
readily eliminates nitrogen under the reaction conditions. The 
resulting dihydropyridizine (20 or 21) undergoes a facile retro 
Diels-Alder cleavage to generate the isobenzofuran (1) or 
isobenzofulvene (22) which subsequently reacts in normal electron 
demand Diels-Alder reactions with electron deficient dienophiles. 
.. 
In contrast, Fieser's method is a two step procedure, 
involving the isolation of initial adducts (26, 27 or 32). When 
adducts (26, 27 or 32) are refluxed in diglyme in the presence of 
a dienophile, loss of carbon dioxide (or of carbon monoxide), 
followed by a retro Diels-Adler reaction generates the 
.isobenzofurans (1 or 30) which are trapped by the added dienophile. 
+ 
~Ph 
~Ph 
Ph 
33 
2.3 THE USE OF QUINONE KETALS FOR THE SYNTHESIS OF THE ANTHRACYCLINONES 
2.3. 1 Introduction 
A retrosynthetic analysis (scheme 4) of the target molecu le 
adriamycinone (5) gives the AB synthon (37) and the CD synthon (38). 
The crucial disconnection in this analysis is (36)~(37)+(38), 
which requires the corresponding reaction, addition of 
isobenzofuran (38) to ketal (37) to be regiospecific. There was 
good precedent for regiochemical control in this step, as 
d h. . 17 h d d h h . Warrener an is associates a reporte tat t e reaction 
* of 1-substituted isobenzofurans with quinone ketals is stereo-, 
site- and regiospecific . A wide variety of examples were listed, 
the most relevant of which is shown in scheme 5. 
0 OH 0 
OH FGI FGJ 
CH 30 0 OH CH30 0 OH CH30 OH 
TARGET MOLECULE (5) 11 
43 
HO 
~8 
OR 0 0 OR 0 0 OR OH 
~·Q;ik FGI 
OCH3 OCH3bcH3 
36 
CD SYNTHON (38) AB SYNTHON (37) 
Scheme 4 
Scheme 5 
* Farina and co-workers 18 have also examined the dienophilicity 
of quinone ketals. 
35 
... 
. , 
34 
0 
44 
The functional group interconversions (FGI) (scheme 4) between 
quinone (11) and l ,4-epoxide (36) exploit the oxygen bridge to 
establish directly the complete oxidation pattern of the C-ring. 
This departure from an alternative analysis based on known procedures 
(scheme 6) was prompted by the inefficiency of the oxidation step 
(42)-+(ll). 
36 
a 
-
OR 0 
0 
42 
0 
Reagents: (a) HOAc, NaOAc, ti; (b) chromic acid 
Scheme 6 
b 
11 
On the basis of the preceding analysis in scheme 4, a synthesis 
of the anthracyclinones was formulated (scheme 7) . The initial 
objectives for the realisation of this synthesis were: first, the 
preparation of suitable isobenzofuran precursors; second, the 
development of methodology for the chemical elaboration of the 
anthraquinone moiety (36-+ll); and third, the preparation of an 
AB synthon related to keta l (37). Further, in order to demonstrate 
the generality of our strategy (scheme 4), we planned to synthesis 
the natural products islandicin (43) and digitopurpone (44) . 
.. ' ~I I /'I 
'I 
11 
I I 
The only additional requirement for the synthesis of 
anthraquinones (43) and (44) would be the prepa ration of ketals 
(45) and (46) and this task will also be discussed along with 
the preparation of the AB synthon. 
~CH3 
0 OH 
#CH3 
HO O HO HO O OH 
43 44 
OR 0 
96 
OCH3 
38 37 36 
Scheme 7 
2.3. 2. Preparation of isobenzofuran precursors 
45 
OR OH 0 
1-v 35 
34 
Isobenzofuran precursors such as the 1 ,4-epoxides (47), (48) 
and (49) were suitable target molecules because of the oxygen 
substituent at the 1-position. The acetoxy 1 ,4-epoxide (47) was 
prepared19 via 2-acetoxyfuran (52). A previous 
19 
report from these laboratories suggested the 47. R = Ac 
. 20 21 preparation ' of 2-acetoxyfuran (52) (scheme a) 48. R = CH3 
was "unreliable, unreproducible and sometimes 49. R = TMS 
., 
46 
explosive." However treatment of crude diacetate (51) with 
bicarbonate solution to remove impurities, rather than direct 
distillation, overcame these difficulties and readily and 
reproducibly afforded 2-acetoxyfuran (52). 
0 KOAc. Ac 20. HOAc ... llVI I!._ O;>-..OAc 
50 51 52 
Scheme 8 
As previously reported 19 , 2-acetoxyfuran(52) gave adduct 
(53) * ** with benzyne (54) and a mixture (ca. 5:3) of adducts (56) 
*** 
and (47) with 3-methoxybenzyne (55) (scheme 9). The peri-
** isomer (56) , which preferentially crystallises, had previously 
been isolated and characterised by Marsden 19 . 
-
+ 0- + 
0 OAc 
53 54 52 56 
Scheme 9 
Separation of the isomeric 1 ,4-epoxides (47) and (56) was 
readily achieved by preparative h.p.l.c. The structure assigned 
to l ,4-epoxide (47) was consistent with the 1H-n.m.r. spectrum 
(figure 1) which showed distinct acetoxy and methoxy resonances 
(2.28 and 3.30 ppm) and a characteristic low field singlet from 
the bridgehead (H4) resonance (5.89 ppm) **** 
· 1 . . d d l . t · t 22 * Generated from anthrani ,c ac, an iso-pen ty n, r, e . 
~ ~ 
47 
** The assignment of this structure was based on the assumption 
that a bridgehead prton peri to the methoxy substituent, as in 
1 ,4-epoxide (47), would resonate at lower field than the bridgehead 
proton in l ,4-epoxide (56). In practise integration of the 
bridgehead proton resonances in the 1H-n.m.r. spectrum of the crude 
mi xture of isomers (47) and (56) directly affords the product ratio. 
*** Generaged from 6-methoxyanthrani 1 i c acid and iso-pentyl nitrite. 
**** The bridgehead proton in isomeric 1 ,4-epoxide (56) resonates 
at 5.63 ppm. 
47 
7 6 5 3 2 
Figure 1 'H-n.m.r. spectrum (100 MHz) of compound (47) in CDCL3 . 
The three 1,4-epoxides (53), (56) and (47) were extremely 
* sensitive to acid and cleanly rearranged in commercial chloroform 
to afford naphthalenes (57), (58) and (59) (scheme 10). This 
result was particularly encouraging as it suggested the possibility 
of the series of transformations in scheme 11 for the development 
of the anthraquinone moiety. 
~-w 
R R2 R R2 
53. R=R 1 =H; R2 =0Ac 
56. R=OCH3, R
1
=H, R2 = OAc 
47. R=OCH3, R
1
=0Ac, R2 =H 
Scheme 10 
57. R=H, R1=0H, R2 =0Ac 
58. R=OCH 3, R
1
=0H, R2 =0Ac 
59. R=OCH3, R
1
=0Ac, R2 =0H 
0 
* Prolonged storage required scrupulous protection from trace acid. 
The adducts were best prepared just prior to use. 
48 
61 ;/ 
OAc 0 
62 
~::) 
OCH3 ~~OCH3 Scheme 11 
60 63 
The synthesis of the other isobenzofuran precursors (48) 
and (49) was unsuccessful. Although both trimethylsiloxyfuran (65) 24 
and 2-methoxyfuran (68) 21 could be readily prepared neither gave 
* ** adducts with benzyne (54) generated from anthranilic acid (66) 
(scheme 12). 
Q TMS0,fil3~ 0- + [10] O O O OTMS ~ No adducts 
64 65 / 54 
OCC02H 66 
NH2 
~ 
CH30-0-0CH3 
+ 0- [10] tJ. A .. .. No adducts O OCH3 
67 68 54 
Scheme 12 
Alternative methods of benzyne generation (scheme 13) were 
investigated, in the hope that adduct fonnation with these furans 
might be promoted. However, 3-methoxybenzyne (55) generated from 
* Russe11 25 has reported that 2-(n-butyl)-thiofuran (69) does not 
give adducts under similar conditions. 
** 2-methoxyfuran reacted violently with iso-amylnitrite with 
evolution of brown fumes. Presumably alkylation occurred. 
n.. 
'o)l-_SC4H9 
69 
49 
aryl chloride (70)*• 27 was not trapped by 2-met hoxy furan (68 ) 
which was recovered from the reaction mixture. 2-Tri methyl siloxyfuran 
(65) also failed , presumably due to compe ting metal enol ate 
formation, to give adducts with benzyne (72) generated from aryl 
iodide (71). This method of generation of benzyne (72) and 
subsequent trapping with furans has been utilised before in t hese 
laboratories by Gee 26 . 
NoNH2 
THF 
~) 
CX:H3 
55 
0--- ([)._ 0 00i3 0 OTMS 
--- No adducts ---
Scheme 1 3 
~) 
OTos 
72 
nBuli Q(~Tos 
TosO 
71 
Although isobenzofuran precursor (47) suited the requirements 
of the proposed anthracyclinone synthesis (s c heme 7), the long and 
tedious preparation of the 6-methoxyanthranilic acid**, 28 (79) 
(s c h eme 1 4) seriously limited its availability . A more readily 
available isobenzofuran derivative seemed desirable. The di scovery 
*** that a mi xture (ca . 2:1) of 1,4-epoxides (81) and (82) 
could be readily prepared from aryl chloride (70) 
( s cheme 15) led to the consideration of isobenzo-
furan (74) as a synthetic equilvalent to isobenzo-
furan (73). 
R= OAc 
R= CH 3 
* Gee 26 has reported that 2-(n-butyl) thiofuran (69) does not give 
adducts with benzyne generated from chlorobenzene under similar conditions . 
** See reference 29 for an even longer preparation . 
*** The isomer ratio was again determined by integration of the 
bridgehead resonances in the 1H-n.m . r. spectrum of the crude mi xture . 
A similar mixture (ca . 25:10) had previously been prepared from 
6-methoxyanthranilic acid (79) by Marsdenl9 . 
• • ~ , , , ... l 
75 76 77 78 
Reagents: (a) Chromic acic; (b) Me 2so4, NaHco 3, acetone; 
(c) NaOMe, MeOH, 6 ; (d) Hz, Pd/C, MeOH 
Scheme 14 
50 
79 
Q(I NaNH:z • 
~) ·~ ~ ~ THF O CH3 CH30 OCH3 CH30 CH3 CH30 
70 55 80 81 
Scheme 15 
2.3.3. Anthraguinone Chemistry 
The next stage for the imp lementation of the anthracyclinone 
synthesis (scheme 7) was the development of methodology [(60)+(63) 
in scheme 16] for the chemical elaboration of the anthracyclinone 
moiety. The feasibility of the alternative conversion [(83)+(63) ] 
was also evaluated. 
~~?-~ 
OCH3 OCH3 3 CH30 0 OH 
60 63 
Sche me 16 
,, ... - .. ,, 4--~ 
I 
. 
' ....... _, 
83 
82 
* Reaction of 1-acetoxyisobenzofuran (84) and ketal (85) 
(scheme 17) afforded adduct (86). ** The structure of adduct (86) 
51 
was assigned from the 1H-n .m.r. spectrum (figure 2). The stereo-
chemistry was established as endo from the coupling ( 3J4a,lO = 3.8 Hz) 
observed between protons H4a and HlO , and the regiochemistry was 
assigned on the basis of similarity between the spectra of adducts 
(86) and (88). · Warrener and his co-workers 17 had assigned the 
structure of adduct (88) on the basis of selective deuteration of 
H9a which had no effect on the 3 J 4a,lO or 
4 J 3,4a coupling. Specific 
irradiation of H4a ( figure 2) in adduct (86) caused the loss of 
fine coupling ( 4 J3,4a = 1.2 Hz) on the 
H3 resonance and collapse of the HlO doublet 
to · a sin~let, while irradiation of HlO (and H3 
due to overlap of the bandwidth) causes the H4a 
resonance to collapse to a doublet. 
M 
I 0 UH 
88 
0 
2 
) 
H OCH 
OCH3 3 
OH [ ccr :H3~CH3 ~ ~ 2 ? ) H OCH 0 OCH3 3 
84 85 86 
Scheme 17 
* Marsden 19 had previously generated 1-acetoxyisobenzofuran 
the s-tetrazine method and trapped it with N-methylmaleimide. 
was essential to purify the 1 ,4-epoxide (53) by h.p. l.c. or 
Kugelrohr distillation otherwise no adducts resulted. 
0 OH 
87 
( 84) by 
It 
** Adduct (86) was unstable to chromatography and could only be 
isolated and purified by crystallisation. 
10 9 8 7 6 
Fi gure 2 1H-n.m.r. spectrum (80 MHz, F .T.) of compound (86) 
in d 6 -benezene . (The insert shows protons H2, HJ 
and HlO in CDC1 3 ). 
As a mod~l study for the chemical elaboration of the 
anthraquinone moiety [(60) +(63) in scheme 16], the conversion of 
adduct (86) to quinizarin (87) (scheme 17) was investigated. 
Based on the earlier observation (s cheme 10) the synthetic plan 
presented in scheme 11 seemed reasonable. Howeyer treatment of 
adduct (86) with anhydrous sodium acetate in acetic anhydride at 
* 
0 
reflux failed to give acetate (89) while treatment of adduct ( 86) 
with dilute acid cleanly afforded anthraquinone (90) (scheme 18). 
Reation of adduct (86) with methanolic potassium hydroxide 
solution largely destroyed the material and provided only traces of 
quinizarin monomethyl ether (92) ( scheme 19) . : 
* Precedence for this reaction is presented later. 
52 
, .. ,-. , 
,,, , ..
b ©6¢ 
0 
89 86 90 
Reagents: {a) NaOAc, Ac 2o, 6; {b) H\ 6. 
Scheme 18 
a 
0 o-
© 
- 0 H H OCH'f113 
1. b 
2. C 
0 
86 91 92 
Reagents: {a) KOH, MeOH; {b) o2; {c) H+. 
Scheme 19 
In contrast, treatment of adduct (86) with DBN in benzene 
afforded only phthalide (96) and none of the more desirable 
acetate (93) or ketone (98) (scheme 20). The structure of 
53 
phthalide (96) was consistent with the 1 H-n.m.r. spectrum (figure JJ, 
in which decoupling experiments supported the obvious coupling 
between protons H3, Hl' and H2', and was confirmed by comparison 
~--~~ 
OMe HOMeOMe 
93 86 94 1 
~~~ 
HO OMe OMe e O ~e OMe 
98 
Scheme 20 
- ©d!r] 
:5 ~ I a 
i 
54 
with material independently synthesised by Russe11 25 using 
nucleophilic addition of phthalide anion to ketal (85) (sheme 21). 
od. 0 
I • 
99 85 96 
Reagents: (a) LOA; (b) H~. 
Scheme 21 
0 
H1• 
10 .._9 8 7 6 5 2 0 
Figure 3 1H-n.m.r. spectrum (80 MHz, F.T.) of compound (96) in crx:1 3 . 
55 
* The desired ring opened ketone (98) was obtained in good 
** yield, together with minor amounts of phthalide (96) and a 
*** very insoluble red material (scheme 22), by treatment of 
adduct (86) with sodium methoxide at o0 • 
0 OH 
~~: + insoluble red material H OCH3 
86 98 
Scheme 22 
The structure of ketone (98) was assigned from the 1H-n.m.r. 
spectrum (figures 4 and 5). The spectrum exhibited two exchangeable 
resonances; the low field singlet was the Cl enolic hydroxyl while 
CDCl3 
residue · -........ 
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
Figure 4 1H-n.m.r. spectru~ (80 MHz, F.T.) of compound (98) in CDC1 3 . 
* Ketone (98) was unstable to chromatography and could only be 
purified by crystallisation. 
** Removed by crystallisation. 
*** The structure of this material has not been elucidated. 
the ClO alcohol resonated at higher field. The H4a resonance 
was obscured by the methoxy signals, but selective irradiation 
in this region (3 ppm) (figure 4) caused the HlO resonance to 
collapse to a singlet. The coupling constant ( 3J4a,lO = 11.3 Hz) 
is typical for a trans-arrangement of H4a and HlO. 
C1-0H 
~ 2 
~~Me 
H OMe 
I I I I I I I I I 
17 16 15 11. 13 12 l1 10 9 2 
56 
0 
Figure 5 1H-n.m.r. spectrum (80 MHz, F.T.) of compound (98) i n d 6 -benzene. 
The 1 3C-n.m.r. spectrum (table 1) also supported this structural 
assignment. The resonance at 42.33 ppm is a doublet ( 1J 1 3c_ 1H = 127.0 Hz) 
as would be expected for C4a, while the doublet ( 1J 1 3c_ 1H = 142.6 Hz) 
at 65.75 ppm is consistent with ClO. The resonances 
for both Cl and C9 (177.25 and 180.49 ppm) occur at 
low field typical for enolic carbons. For example 
in similar system (100), the enolic carbons 
resonate at o 182.05 and 188.55 ppm. 
OCH3 
100 
57 
Multi- Multi-
* 0 pl i city J(Hz) Assiqnment 0 P 1 i City J(Hz) Assiq nment 
42.23 d 127.0 C4a 127. 22 dd 
51.20 q 142. 6 - OCH 3 128. 13 s 
51. 72 q 142.6 -OCH 3 132. 29 d 
65.75 d 142. 6 ClO 133.33 dd 
99.41 s 140.08 d 
101 . 23 s 142.29 s 
124.59 dd 164. 1 , 7. 8 177. 25 s 
125.27 dd 164. 1 , 7. 8 180. 49 d 
Table 1: 1 3C-n.m.r. data for compound (98) in CDC1 3 . 
l 3 
* C- {1H} spectrum. 
162.1,7.8 
168.0 
160.1,7.8 
164. 1 
9.8 
Oxidation of ketone (98) with the Corey-Fleet reagent30 and 
subsequent hydrolysis afforded quinizarin monomethyl ether (92). 
Other oxidising reagents were unsuccessful, and afforded other 
products (scheme 23) . 
Cl or C9 
Cl or C9 
Aldehyde (101) (scheme 23) arises via a Grob type fragmentation 35 
and indeed treatment of ketone (98) with DBN in benzene afforded 
aldehyde (101) as the sole product. Treatment of ketone (98) with 
dilute acid gave anthraquinone (90) (scheme 24 ). The structure of 
aldehyde (101) was assigned from the 1H-n.m.r. spectrum which revealed, 
apart from aromatic signals, a sharp exchangeable enolic hydroxyl 
proton at 11.54 ppm, an aldehydic proton at 10.01 ppm and a single 
methoxy resonance at 3.66 ppm. 
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high molecuor we,ghl 
material ~ O OH No reoct ,on 
6~ ~OC
3
HJ 
0 OH ~
*+ 0 OH 
~10%i°H ~
87 
~Hv 
0 OCH3 
(19%] 
101 
98 
Reagents: 30 (a) PCC , rt, 4 days; (b) 
(c) Mn02, petrol, r.t~ 2 (d) 
(e) KOH, EtOH, H20, o2, ti ; 
Sc heme 23 
OH 0 0 OH 
oo¢ H+ ~ ~He BS% 
HO HHocHF3 0 
90 98 
Scheme 24 
0 OH 
~ I 
0 OCH3 
101 
The sucessful preparation of quinizarin monomethyl ether (92) 
(scheme 23) completed the development of methodology for the 
chemical elaboration of the anthraquinone moiety from the 
1-acetoxyisobenzofuran adducts [(60) -+ (63) in s chP.me 16 ]. Thus 
92 
Ii 
the second objective for the original anthracyclinone synthesis 
(scheme 7) was finished but attention was now turned to the 
evaluation of the more readily available 1-methylisobenzofuran 
adducts [( 83 )-+( 63) in scheme 16 ] . 
59 
Warrener and his associates 17 had previously reported the 
reaction of l-methylisobenzofuran(39) with ketal (85) (scheme 25), and 
as a model study for the chemical elaboration of the anthraquinone 
moiety [(83)-+(63) in scheme 16 J conversion of adduct (88) to 
qu i nizari n (87) (scheme 25) was investigated . The synthetic plan 
for the conversion of adduct (88) to quinizarin (87) is presented 
in scheme 26 . 
~Me? 
Me 0 
0 OH 
~ 
0 OH 
39 85 88 87 
Scheme 25 
~~~,~~,~~) 
Me OR Me OR gH OR O OR 
102\ 103 104 105 
Reagents : (a) H\ (b) CAN; 
(c) MCPBA; (d) 02• 
88 Me 0 Scheme 26 
Treatment of adduct (88) with anhydrous sodium acetate in 
acetic anhydride at reflux afforded acetate (106) in high yield 
(scheme 27). The structure of acetate (106) was assigned on the 
.. 
.. , 1 , , / '1. 1 
' ' 
60 
basis of the 'H-n.m.r. spectrum (figure 6) which exhibited distinct 
methyl, acetoxy and methoxy resonances {2.06, 2.28 and 3.74 ppm); 
a characteristic low field singlet for the bridgehead proton 
(6.14 ppm); and an AB pattern for the aromatic H2-H3 protons. 
OMe OR OMe 
N'.lOAc. Ac2 0 ~ X ·©¢¢ Me 0 Me OAc Me OAc 
88 l 06 l 07 
Scheme 27 
8 7 6 5 4 3 2 0 
Figure 6 'H-n.m.r. spectrum (100 MHz) of compound (106) in CDC1
3
. 
I /j 
Treatment of l,4-epoxide (106) with a variety of acidic 
* reagents (scheme 27) failed to give an anthracene system (107) 
as required in scheme 26 , however use of cone . H2so4 - acetic 
anhydride at o0 (scheme 28) afforded vinylic acetate (108) in 
high yield. The assignment of structure (108) to this product 
was not trivial and will be discussed in detail . 
61 
OMe OMe 
~· ©W Ac 2 D.H-1 sol . o· ~ 0 85% 
~O: H:' H 11 H O~c Me OAc 
l 06 l 08 l 09 
Scheme 28 
.. 
High resolution mass spectroscopy gave the formula c20H18o5. 
This fact together with the 1H-n.m.r. spectrum (figure 7) and a 
positive bromine ·{no HBr evolved) and permanganate test for 
olefins38 suggested two possible structures (108) and (109). 
The 1H-n.m . r . spectrum exhibits two acetoxy methyl and one methoxy 
resonances (2 .08, 2.38 and 4.08 ppm) consistent with either 
structure . Six aromatic protons, including a distinct AB doublet 
again are consistent with either structure, however the assignment 
of the remaining two singlets at 6.22 ppm (2H) and 9.00 ppm (lH) 
was a point of contention . 
* Ample precedence exists in the literature36 , WOH 
further I had found that l ,4-epoxide (81) 
readily ring-opened to phenol (110) when left rdr1) - 00 
dissolved in chloroform, however treatment of ~ 
l ,4-epoxide (106) with TFA/CHC1 3, cone. H2S04 , CH3o CHJ cH3o CH3 cone. H2so4;Ac 2o or BF3-Et2o37 was unsuccessful. 
81 11 O 
. ,. 1 .. , 
I ·ll i II 
62 
--z 
-OAc 
H,o 
11 10 9 8 7 6 5 3 2 0 
Figure 7 'H-n.m.r. spectrum (80 MHz, F.T.) for compound (108) in CDC1 3 . 
The 13 C-n.m.r . spectrum (table 2) unambiguously defined the 
structure as vinyl acetate (108). The resonance at 60.39 ppm was a 
triplet ( 1JC-H = 149.6 Hz) which is consistent with two protons on 
a sp3 hybridised carbon39 [ ie . ClO of structure (108) * J; further 
the resonance at 100.ll ppm was a doublet ( 1JC-H . = 163.7 Hz) which 
is consistent with one proton on a sp2 hybridised carbon39 [ ie. 
** Cll of structure (108) J. A mechanism for the formation of 
alkene (108) is suggested in scheme 29. 
* Compare the model acetate (111), the benzylic 
carbon resonates at 76.36 ppm as a doublet 
( 1JC-H = 147.9 Hz). 
** In model alkene (112) the unsubstituted 
olefinic carbon resonates at 114.10 ppm as a 
triplet ( 1JC-H = 157.9 Hz). 
~ H OAc 
~ 
111 
112 
.. ·~ .
•• , 1,, 
* mu l t J(Hz) 0 Assignment 0 mul 
20.64 q 130.5 
-CH 
- 3 125.60 
21 .22 q 130.5 
-CH 
- 3 127.32 
55.55 q 145.9 
-OCH 
- 3 129. 39 
60.39 t 149. 6 ClO 130.67 
l 00. 11 d 163.7 Cll 132.48 
120. 64 139.56 
123.35 153.68 
123.83 169.62 
125.53 170.87 
125. l 0 
** 
Table 2: 13c-n.m.r. data for compound (108) in CDC1
3 
* 
1 3C-{ 1 H} spectrum. 
63 
J Hz Assi nme nt 
OMe 
- co -
- co -
** Since twenty resonances are expected, two must be coincidental. 
\ 
OMe 
©W 
Me OAc 
OMe 
~ 
l 06 Scheme 29 
l 08 
The unexpected formation of alkene (108) has prevented direct 
use of the oxygen bridge to establish the complete oxidation pattern 
[(88)-+(87) in scheme 25] of the anthraquinone moiety. Thus, the 
feasibility of the transformation depicted in scheme 30 was 
investigated. 
, .. ·-. •, , '"' 
' 
11 
64 
OMe OMe 
~] ~ ~ [OJ 0 OAc 0 HO 
l 08 116 92 
S cheme 30 
Unfortunately, reductive ozonolysis of alkene (108) to ke tone 
(116) was unsuccessful and gave a comp lex mixture of pt·oducts, 
probably by facile attack of ozone on the activated aromatic ring* 
Oxidation of alkene (108) by the Lemieux-van Rudloff reagent41 (K104, 
KMn04, K2co3, dioxan) was also unsuccessful. Parker and her co-
workers42 had reported formation of intractable tars on attempted 
oxidation of a related alkene (117) 
syste~. with either ozone or 
osmium tetroxide/sodium periodate. 117 
Alkene (108) did afford a minor amount (7%) of quinizarin 
ether (92) on successive treatment with ozone, dimethylsulphide 
and potassium hydroxide solution at reflux (scheme 30) . This 
result implies that some ketone (116) was formed under ozonolysis 
and subsequently oxidised (03 or o2;oH-) to the quinizarin ether (92). 
The failure of the synthetic plan in scheme 26 prompted a 
modification (scheme 31). The essential feature of this synthetic 
plan was the dehydrobromination of adduct (119) to regenerate the 
qui none ketal moiety in 1 ,4-epoxide (120) which might ring open 
to phenol (121) . 
* Even addition of one mole equivalent of ozone40 led to a complex 
mixture of products. 
'. 
' ., ~ • 1 I l •l I 
I 
,l 
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t-"EO OMe 
o;aj "'1f + I I X PY CH3 CH3 CH3 
Me 0 0 Me 0 
39 118 119 
JI• 120 
0 
122 
Me 
Scheme 31 121 
In a model study of the first step of this synthetic plan; 
* isobenzofuran (l), generated by the s-tetrazine method , failed to 
give adducts with the bromine deactivated ketal (118). While the 
s-tetrazine method generates isobenzofurans at ambient temperature, 
Fieser 1 s methods 14 (scheme 3) generate isobenzofurans at an 
** elevated temperature which might promote adduct formation A 
suitable isobenzofuran precursor (124) for use 
in Fieser 1 s reaction, was prepared by the reaction 
of l ,4-epoxide (123) with tetraphenylcyclo-
pentadienone (31) in benzene at reflux 
(scheme 32) . 
CH3 Ph 00 ~h 0 C5H5 
--
A 
Ph 
Ph 
123 31 124 
Scheme 32 
()j 
::,..._ 
l. R = 
84 . R = 
Ph 
Ph 
* Isobenzofuran (84) also failed to give adducts under similar 
conditions. 
**Foran application of this principle, see page 76. 
H 
OAc 
H3 
'' ... ,,, '"' 
I 
! I 1 
The structure of adduct (124) was assigned from the 1H and 
13
-C.n.m.r. spectra. Apart from the aromatic and methyl resonances 
the 'H-n .m.r. spectrum (figure B) contained a characteristic 
bridgehead resonance at 5.88 ppm. The absence of coupling between 
this resonance and those attributed to H4a and H9a defined the 
stereochemistry between these positions as exo. 
10 0 
66 
Figure 8 'H-n.m.r. spectrum (80 MHz, F.T.) of compound (124) in CDC1 3 . 
The 13 C-n.m.r. spectrum (table 3) was very complex with many 
coincidental resonances in the aromatic region. The stereochemical 
relationship of the carbonyl bridge, relative to the oxygen bridge, 
was established by the 13 C-n.m.r. method of Tan and co-workers 43 
he.Id The multiplicity of the carbonyl resonance~ the key to the 
stereochemi stry; ~e. -=,i'~W 1~t-u~.~ 1-\40..,Qa... ~ ~ . 
. .. .... 
,,, '" ' 
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* 6 mult J(Hz) Assiqnment 6 mult J Hz Assi nment 
17. 54 q 127 . 0 -CH 
- 3 
48.86 d 140.6 
129 .82 
Ph 130 . 86 
64.84 bs 131.25 
66. 14 bs 134 . 76 Ph 
80 . 18 d 160. 2 136 . 19 
88.23 bs 137.00 
117 . 99 bs 141.12 bs 
118. 38 bs 146 . 71 bs 
128-126 m 149 . 57 bs 
129.43 196. 09 s 
- co -
Table 3: 13c-n . m.r . data for compound (124) in CDC1
3
. 
* 
13 C-{ 1H} spectrum . 
When adduct (124) was heated with ketal (118) in diglyme __ at 
reflux the only characterisable product was tetraphenylbenzene (33) 
(scheme 33) which indicated that 1-methylisobenzofuran (39) had 
been generated but had failed to react with ketal (118) even at 
140°. 
Ph Cv:H3 Ph Br Q(Ph 
+ I I diitz::me • 6 
Ph CH3 Ph 
Ph 
124 118 33 
Scheme 33 
At this stage the use of the more readily available 
isobenzofuran (74), as an alternative for 
isobenzofuran (73), seemed impractica l and 
further efforts were directed towards the 
~: r 
original proposed anthracyclinone synthesis (scheme 7) . 
73 . R= OAc 
74 . R= CH3 
As both 
"' ... . ' '• '"' ' 
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the preparation of the necessary isobenzofuran precursor (4 7) 
and development of methdology for the t ransfor ma tion of add uct (36 ) 
to quinone (11) (scheme 7) had been accomplished, 
it now only remained to prepare an AB synthon 
related to quinone ketal (37) i n order to 
complete the anthracyclinone synthesis. 
2.3.4 . Preparation of an AB synthon 
In the original formulation of the synthesis of the 
anthracyclinones(scheme 7) our group had antici pated the us e of 
0 0 
~ 
OCH30CH3 
optically active ketal (37) as the AB synthon . 
Other workers in the Canberra laboratories were 
engaged on the asymmetric synthesis of ketal (37), 
but at the time of this investigation it had not been completed. 
As a result, a modified anthracyclinone synthesis (scheme 34 ) , 
based on ketal ester (125) as the AB synthon, leading to ester 
(128) was attempted . Ketal (125) is not an ideal AB synthon, 
37 
because it has several potential sites of reactivity towards an 
isobenzofuran: sites band c would not lead to linear adducts. 
Nevertheless, the preparation of ester (128) was worthwhile for two 
reasons. First, it would demonstrate the potential of our methodology 
for the regiospecific synthesis of the anthracyclinones; and second, 
ester (128) itself could potentially be chemically elaborated to 
optically pure adriamycinone (5). 
In a closely related system, Terashima44 has demonstrated the 
feasibility of an asymmetric synthesis of the C9 functionality 
(scheme 35) beginning from acid (131) . The sequence of reactions 
was successful except for the last step which afforded many products 
presumably due to attack of methyl lithium on the anthraquinone 
,,, '" ' 
moiety. In the anthracyclinone system, reductive methyla ti on45 
[ester (128)+ester (129) in scheme 34] to pro tect the quinone 
69 
prior to methyl lithium treatment could probably be used to 
overcome this problem. The qu i none functionality could be read i ly 
reg enerated by literature methods in a subsequent step [(1 30 )+( 11)]. 
site a si le (flsi le c 
OAc \ a I a OAc 0 OH 
• WOMe 96 :::--
OMe 
73 
C02Me Oi-1e 
a 
Me O OMe OMe 
125 126 
1A 127 
OMe OMe 0 OMe OMe 0 OH 
C02Me 
130 129 
Nc.W TARGET MOLECULE 
0 
0 OH 
11 
0 
li terature 
methods 
OPTICALLY ACTIVE 
OH 
OCH30 HO 
( 5) 
+ Reagents: (a) NaOMe; (b) [OJ; (c) H ; (d) Na 2s2o4; 
(e) Me2S04; (f) AlCl3, PhN02; (g) CH2N2. 
Scheme 34 
* Ketal ester (125) was synthesised from ester (138) . 
Treatment of ester (138) with one mole equivalent of hydrogen 
* I thank Dr. P.S. Gee for supplying this material. 
Ill • ... ~ I t I , ~ 
I • 
11 
I 
I 
I 
131 
137 
0 
C02H 
a-b ~~~ c-d 
CH30 
132 
OPTICALLY ACTIVE 
Reagents: (a) (S)(-)-ethyl prolinate, diethyl phospherocyanidate, 
Et3N, DMF; (b) aq. KOH, EtOH; (c) NBS, t-BuOK, DMF; 
(d) n~Bu 3SnH, azobisisobutyronitrile; (e) cone. HCl, 
dioxane; (f) CH 2N2, DMSO, MeOH, Et20; (g) Me2so4, 
K2co3, acetone, ti; (h) preparative t. l .c. (Si 02, Et20). 
( i) Meli. 
Scheme 35 
* afforded phenol (139) . Further reduction, to give phenol (140), 
occurred if excess hydrogen was used (scheme 36). 
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~C02CH3 Hi,Pd/C 0 "'-::: C02CH3 ~ H2.Pd/C ~ C02CH3 
CHp CHp CHp 
139 138 140 
Scheme 36 
* Trifluoroacetic acid 46 and trityltetrafluoroborate47 proved 
unsa ti sf actory. 
The structure of ester (139) was assigned from the 'H-n.m.r. 
spectrum (figure 9). * The alkene proton Hl resonates at 7.91 ppm 
as a triplet (4 J1,3 = 1.4 Hz) due to allylic coupling. The 
71 
spectrum also contains a distinct AB pattern assigned to aromatic 
protons H6 and H7, while the hydroxyl signal is a broad exchangeable 
hump at 5.50 ppm. The structure of ester (140) was also assigned 
from the 'H-n.m.r. spectrum (figure 10), the most notable feature 
of which is the absence of an olefinic signal. 
-OH 
9 6 5 2 0 
Figure 9 'H-n.m.r. spectrum (80 MHz, F.T.) of compound (139) in CDC1 3 . 
* Compare to the olefinic proton in ester (138) at 7.96 ppm 
(t, 4 J1,3 = 1.4 Hz). 
.., .. 
,,, , .. , 
I • 
g 
COCl3 
residue~ 
8 
- OH 
6 5 
72 
4 3 2 0 
Figure 10 'H-n.m.r. spectrum (BO MHz, F.T.) of compound (140) in CDC1
3
. 
Oxidation of phenol (139) with thalnum nitrate in methanol 
afforded ketal (125), the AB synthon for the modified anthracyclinone 
synthesis (scheme 34). Similarly oxidation of phenol (140) gave 
the saturated ketal (141) (scheme 37). The structure of ketals 
(125) and (141) was assigned on the basis of their 'H-n.m.r. 
* spectra ( figures 11 and 12) . 
~o '-::: C02CH3 Tl(N03)3 ~C02Me 
~ CH30H yv ~co,cH3 
CH3o MeO OMe 
139 125 
CHp 
140 
Scheme 37 
141 
* Ketal (125), a pale yellow oil, was not purified for use in 
subsequent steps. It was not stable to chromatography and decomposed 
on attempted Kugelrohr distillation. 
... 
,,, ;,. , 
73 
' ~ . . ,. i,. , 
.. 
6 5 0 
Figure 11 'H-n.m.r. spectrum (60 MHz) of crude compound (125) in CDC1
3
. 
0 02CH3 
7 H 
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CH30 OCH3 
CDCl3 H5&H7 
residue 
~ 
9 8 7 6 5 I. 3 2 0 
Figure 12 'H-n.m.r. spectrum (80 MHz, F.T.) of compound (141) in CDC1 3 . 
The ketals (45) and (46) required to produce isl andicin (4 3) 
and digitopurpone (44) were prepared by t he me t hod of Swenton48 
(scheme 3 8 ) and separated by preparative h.p . l.c. 
AroOMe He © Me~OMeMe H• y _ K_O_H_. M-'e-O_H_ I I aceto 
OMe MeO Me 
MelfMe Me 
I I 
Me~"1e 
... I I 
Me 
142 143 46 
Sch eme 38 
2. 3. 5. Attempted synthesis of the anthracyclinones, and of 
islandicin and digitopurone 
* 
45 
The generation of isobenzofurans (73) and (144) as reactive 
species was demonstrated by formation of N-methylmaleimide adducts 
** (145) and (146) (scheme 39). The structure of adducts (145) 
and (146) was assigned from their 'H-n.m . r. spectra (fi g ures 13 
74 
and 14) . The endo-stereochemistry was determined from the magnitude 
of the coup l ing between the bridgehead and adjacent proton . 
OAc 0 
~CH] ~ + QCH3 ~ A 0 3 0 OCH3 
73 145 
~~l ~CH, ~CH3 + 0 CH3 c 
144 146 
Scheme 39 
* Generated by the s-tetrazine method . 
** A mixture of endo and exo-isomers (ca . 3:1). 
I , .._ , 1,, 1'1 1 
0 
H I; 
...- cf-benzene residue 
Hg HLa 
o A A 
JL_j_ Endo 1; Exo 0 
7 6 
I 
10 
Figure 13 
7·5 7 6-5 
g 8 
Figure 14 
5 L. -CH3 /J Hg 
0 
I I I I I I g 8 5 L. 3 2 
1H-n.m.r. spectrum (80 MHz, F.T . ) of compound (145) 
i~ crx:1 3 . (The insert shows the aromatic region in d -benzene) . 
n 
5 3 2 1 ' 
1H-n.m.r. spectrum (80 MHz, F.T .) of compound (146) 
in d 6 -benzene. (The insert shows the aromatic region 
in CIX:1 3 ). 
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In contrast, generation of isobenzofurans (73) and (144) in 
the presence of ketals (45), (46) or (125) did not afford any adducts. 
OAc CH3XOCH3 
~CH3 
0 
~C02He 0 ~o ~ 
0 MeO OHe 
45 125 84 
The failure of these critical cycloadditions was clearly unexpected. 
To overcome this problem, it was thought, that generation of the 
isobenzofurans at a higher temperature, by one of Fieser's methods 
(scheme 3), might promote adduct formation. However, a suitable 
Fieser precursor (147) to 1-acetoxyisobenzofuran (84) could not be 
prepared. For example, reaction of freshly distilled a-pyrone (25) 
with freshly distilled l,4-epoxide (53) gave naphthalene (57) 
rather than adduct (147). 
OAc OAc OAc 
Cl 01] o¢ m® 0 O 
25 53 57 OH 147 
That the principle has merit however, was demonstrated in a 
related system. Warrener and associates 17 reported that 
isobenzofuran (148), generated at room temperature o:{02CH3 
by the s-tetrazine method, failed to form an adduct O 148 
with ketal (85). However, in the present study it was found that 
isobenzofuran (148) did afford adduct (152), with ketal (85), when 
generated from adduct (151) in diglyme at reflux (scheme 40) . The 
expected stereo- and regiochemistry was observed in this reaction . 
' .. ~ ' I I / ... I 
I I 
I 
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149 
QJ;;_h ___ ..., 
YPh 
CH3 
150 
~::.~ 
CH3 CH 30 OCH3 
151 85 
14~ 
~Ph 
~Ph 
He 
152 153 
Scheme 40 
The structure of the Fieser precursor, adduct (151), was 
determined by the combination of 13 C and 'H-n.m.r. spectroscopy. 
The lack of coupling between protons HlO and H4a (figure 15) 
defined the stereochemical relationship between these two positions 
while the 13C-n.m . r. method of Tan and co-workers 43 was again used 
to define the relationship between the oxygen and carbonyl bridges. 
The 13 C-n.m.r . spectrum (table 4) contained several coincident 
resonances in the aromatic region. Examination of the broad 
carbonyl resonance at 200.24 ppm, while selectively irradiating 
the methyl protons, revealed a sharp singlet and established the 
complete stereochemistry . 
,,, '"' 
.. 
I 
78 
H,o 
8 7 5 0 
Figure 15 'H-n.m.r. spectrum (100 MHz) of compound (151) in CDC] 3 . 
* 6 mul. J(Hz) Assiqnment 6 mul. J Hz 
12. 34 q 127.0 -CH 3 127. 35 
13.90 127. 0 -CH 3 127. 87 
51.46 129. 43 
51.85 130. 34 
52.63 134.63 
55.23 134.89 
55.75 136.97 
80.83 d 167.9 ClO 140.34 bs 
89.27 d 7.8 C9 145.41 bs 
118. 12 145.80 bs 
118. 90 168.02 d 3. 91 
126.83 200.24 bs 
Table 4: 13c-n.m.r. data for compound (151) in CDC1 3 . 
* 
13 C-{ 1 H} spectrum. 
Assi nment 
Ph 
Ph 
- CO 2 -
'c = o / 
.... ,,, ... . 
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The structure of the isobenzofuran adduct (152) was assigned 
from a high resolution mass spectral determina tion and from 'H-n.m.r. 
data ( table 5). The endo stereochemi stry was determined from the 
magnitude of the coupling on the bridgehead proton HlO ( 3J10 ,4a = 
4.0 Hz); while the regiochemistry was supported by the low field 
doublet H2 (5.87 ppm), of the olefinic AB system, which exhibited 
the usual long range coupling ( 4 J3,4a = 1.8 Hz) to proton H4a . 
0 ul J Hz Assignment integ. Structure 
3. 14 s -OMe 3H 
3. 15-3.50 m H4a, H9a 2H 
3.55 s -OMe 3H 
4.07 s -OMe 3H 
5.26 d 10.4 H3 lH 
5.62 d 4.0 HlO lH 
5.87 dd 10.2, 1.8 H2 lH 
7.2-77 m aromatic 4H 
Table 5 : 'H-n.m.r. data of compound (152) in CDCl 3 . 
2.3.vi Conclusion 
The preparation of the necessary reagents for the planned 
synthesis of the anthracyclinones (scheme 34), based on the retro-
synthetic analysis in scheme 4, was successfully accomplished. 
The preliminary model studies demonstrated potential regiochemical 
control in the crucial Diels-Alder reactions and provided new 
methodology for the chemical elaboration of the anthraquinone 
•• 
moiety. However, in the actual syntheses, the critical cyclo-
additions between isobenzofurans (73) and (1 44) and ketals (45), 
(46) and (125) failed. This problem was not solved, but a 
potential solution based on the generation of the isobenzofurans 
(73) and (144) at high temperatures was demonstrated in a model 
study. Further investigation of this observation may lead to the 
completion of this potentially regiospecific synthesis of the 
anthracyclinones. 
2.4 The use of guinones for the synthesis of the anthracyclinones 
80 
Two related strategies employing quinones for the synthesis 
of the anthracyclinones were considered: the first involves two 
successive cycloaddition reactions to a substituted p-benzoquinone ; 
and the second involves a cycloaddition reaction to a functionalised 
AB synthon. 
2.4.l. Cycloaddition reactions on p-benzoquinones 
2.4.l.i Introduction 
The functional group interconversion (FGI) for the anthra-
quinone moiety (63~154) (scheme 41) has already been used in the 
previous section. An alternative FGI (63~155) based on the series 
of reactions in scheme 42 was also feasible, and indeed Russell 
and associates 49 have already demonstrated the potential of this 
strategy in the synthesis of anthraquinone (44) (scheme 43). 
~--··:, 
~ ----
154 
FG! 9¢¢:J FG! 
CH3Q O OH 
63 
Scheme 41 
155 
... . ,, , , .. . 
• 
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155 156 157 
63 
Scheme 42 
158 159 160 
Reagents: (a) Zn,Ac20; (b) o3; (c) 6; (d) K2cr2o7, HOAc; 
(e) H+; (f) FeC1 3, HOAc. 
Scheme 43 
Retrosynthetic analysis (scheme 44 ) of the target molecule 
adriamycinone (5), using either of the functional group i nter-
conversions in scheme 41, gives A synthon (164), B synthon (167) 
and CD synthon (168). This CD synthon is a substituted 
isobenzofuran or isobenzofulvene. 
Several features of the strategy in scheme 44 require 
comment. The disconnection (166+167 + 168) implies regiochemical 
control by the R1 and R3 substituents in the corresponding 
cycloaddition reaction. The required regiospecificity has been 
demonstrated in a closely related system, the addition of 
44 
.... . , , , '" ' 
,I 
1-bromoisobenzofuran (170)* to quinone (171), by Mar sden19 
( scheme 45). 
0 R1 OH 
OH 
' 
MeO 0 OH MeO OH OR2 MeO 
TARGET MOLECUL E ( 5) 161 
~ ('.oe' + R3 R3 
MeO 0 MeO 0 OR2 MeO 
~ 166 165 A-SY NTHON (164) 
R1 0 
R~ 96 • I I :,-._ R3 
MeO 0 
CD-SY NTHON (168) B-SY NTHON ( 167) 
Scheme 44 
0 
~ 162 
163 
* Whether regiochemical control by 1-substituted isobenzofurans 
was a general phenonmenon was unknown. However Kende and his 
co-workersl3 have shown that isobenzofuran (6) 
exhibits no regiochemical control in cycloaddition 
with unsymmetrical dienophiles. A similar result 
has been demonstrated for isobenzofulvene (169) 
by Russell and associates49. 
r"r'R 
I 
Meo 
6. R= 0 
82 
' 
OR 2 
OR4 
169. R= C=C(CH 3) z 
·~. , ,, o, , 
• I 
The FGI (165+166) (scheme 44) (and also 162+163) requires 
regeneration of the quinoid moiety by loss of R3 • The choice 
of R3 is therefore restricted to groups such as halogen, cyano , 
nitro and sulphonyl which can be readily eliminated. Precedence 
for this step is again available from the work of Marsden 19 
* (scheme 45) who dehydrochlorinated adduct (172) to afford 
quinone (173). The key disconnection (163+164 + 165) (scheme 44) 
requires that the corresponding Diels-Alder reaction of diene 
(164) and quinone (165) be both regiospecific and site selective 
[ie. reaction at site a and not site b of the quinone (165)]. 
A model study based on 2,5-dichloro-l ,4-benzoquinone (175) was 
formulated (scheme 46) for the evaluation of the crucial steps 
(163)+(164) + (165) in scheme 44 . Quinones (180), (181) and 
(182) were prepared (scheme 46) and their reactions with 
l,3-butadienes and polyenes were investigated. 
** 
~- ~ 
83 
0 
171 
~CH3 
0 
~CH3 
0 
170 172 
Scheme 45 
* Russell and associates49 have also reported 
a similar transformation for an isobenzofulvene 
adduct (174). 
173 
~CH3 
CH30 0 
174 
** The use of isobenzofulvenes was not considered a complication 
as it is well known that the exocyclic double bond of alkene (16) 
is completely inactive in Diels-Alder reactions50. 
This inactivity has been explained by frontier ;;J;CHJ CH3 
16 
molecular orbital (F.M.0.) theory and arises 
because in the normal Diels-Alder reaction the 
dominant orbital interaction is LUMO (dienophile) 
and HOMO (diene), however the LUMO of the 
isopropylidenenorbornadiene system has essentially zero coefficients 
at the exocyclic double bond. 
... 1,, '°' I 
• • I l 
84 ,~' Oo, I K O 
0 
r l . ::;,,- ;...--
·O:~ + ~Qd,o,es Cl O Cl - ~ -
Cl ~Cl 
0 0 0 
1. R= 0 175 177. R= 0 180 . R= 0 
22 . R= C=C(CH3)2 178. R= C=C(CH3)2 181. R= C=C(CH3)2 
176. R= C=(~ 179. R= C=C.]) 182 . R= C=C.]) 
Scheme 46 
2.4.1.ii Cycloaddition reactions with 2,5-dichloro-l ,4-benzoguinone 
* * Reaction of isobenzofuran (1) and isobenzofulvene (176) 
with quinone (175) gave endo-adducts (177) and (179). However, 
** isobenzofulvene (22) afforded a mixture (ca. 3:1) of endo-adduct 
(178a) and exo-adduct (178b) (scheme 47 ) which we re not separated 
0 [o:r<] ;1*~ 0 
0 
22 175 
0 
l. R= o [W] .cita 
176. R= C=C]) 
175 
Scheme 47 
+ 
177. 
179. 
* All isobenzofurans and isobenzofulvenes in this section were 
generated by the s-tetrazine method. 
** Determined by integration of the 1H-n.m.r . spectrum of the 
crude mixture (vide infra) . 
*** Analytical samples of adducts (177) and (178) were not 
obtained because of facile loss of hydrogen chloride on 
attempted chromatography or crystallisation. 
*** 
R= 
R= 
? 
Cl 
! 
I 
11 
0 I 
C=C]) 
The stereochemistry of adducts (177), (178) and (179) was 
determined from their 1H-n.m.r. spectra. In the exo-isomer , 
the bridgehead proton H9 and the adjacent proton H9a are not 
detectably coupled, whereas in the endo-isomer, a coupling 
constant of 3-4 Hz is observed. The chemical shift of proton 
H9a in the exo-isomer (178b) is at a higher field (3.00 ppm) 
than in the endo-isomer (178a) (3.85 ppm) owing to shielding 
by the benzene ring. For the same reason, the chemical shift 
of the olefinic H3 resonance in the endo-isomer (178a) is at 
higher field (6.51 ppm) than in the exo-isomer (177b) (6.74 ppm) . 
Integration of the 1H-n.m.r. spectrum of the crude mixture of 
isomers (178) gave the ratio of endo to exo isomers. The 
1H-n .m.r. spectrum (figure 16) of adduct (179) is typical for 
an endo-isomer. 
9 8 7 6 s 3 2 
Figure 16 1H-n.m.r. spectrum (100 MHz) of compound (179) in CDC1 3 . 
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The previously unreported adamantylisobenzofulvene (176) 
was further characterised by trapping reactions with maleic 
anhydride, N-methylmaleimide and p-benzoquinone (scheme 48 ). 
The structure of the resulting adducts (183), (184) and (185) 
was assigned from their 1H-n .m.r. spectra (figure s 17, 18 and 19) 
in which the characteristic differences between endo and exo 
stereochemistry are evident. The aromatic protons resonate as 
a singlet in the endo-adducts (figures 16, 17 and 19) and as a 
multiplet in the exo-adduct (figure 18) but unfortunately this 
is not a general phenomenon . 
Scheme 48 
8 6 5 4 3 2 0 
Figure 17 1H-n . m. r. spectrum (100 MHz) of compound (183) in CDC1
3
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Figure 18 1H- n. m.r. s pectrum (100 MHz) of compound (184) in d 6- DMSO . 
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Fig ure 19 1H- n . m. r . spectrum (100 MHz) of compound (185) in crx:1
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Adducts (177), (178) and (179) were dehydrochlorinated 
with s-collidine to afford quinones (180), (181) and (182) 
(scheme 49 ). 
He 
A 
Me)!N~e 
Cl Cl 
177 . R=O 180. R=O 
178. R= C=C(CH3)2 181. R= C=C(CH) 3 2 
179. R= C=C:]) 182. R= C=C':E) 
Scheme 49 
Although quinone (180) proved difficult to purify, the· 
material used in subsequent experiments was essentially pure 
by 1H-n.m . r. spectroscopy (figure 20); the presence of 
bridgehead resonances (6. 12 and 6.13 ppm) and an olefinic 
resonance (6 . 77 ppm) support the assigned structure . Quinones 
(181) and (182) were orange coloured solids, the structures 
of which were assigned from their 1H-n.m.r . spectra (figures 
21 and 22) . The diagnostic features were the bridgehead 
(H9 and HlO) resonances and the olefinic (H3) resonance. 
88 , · . ,,. '". 
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Figure 20 1H-n.m.r. spectrum (80 MHz, F.T.) of compound (180) in CDC1
3
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Figure 21 1 H-n.m.r. spectrum (100 MHz) of compound (181) in CDC1 3 . 
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Figure 22 1H-n.m.r. spe ctrum (100 MHz) of compound (182) in CDC1 3 . 
2.4.l.iii Site selectivity: internal or external adducts? 
Quinones · (180), (181) and (182) were used to test for site 
selectivity in reactions with l ,3-butadienes and polyenes. With 
isobenzofulvene (22), quinone (181) gave a mixture of linear 
* adducts (186), which on base induced dehydrochlorination with 
DBN afforded the orange coloured quinone (187) (scheme so). This 
quinone (187) was a mixture of stereoisomers because the 1H-n.m.r . 
spectrum (figure 23) contained two methyl resonances (ca. 2:1 by 
integration) at 1.52 and 1.56 ppm which together integrate in a 
3:1 ratio to the bridgehead resonance (4.86 ppm). 
* s-collidine at room temperature for 5 days had no effect on 
adduct (186). 
.... ,,, , ... . 
I, 
9 
22 
+ 
~ 
Cl~ 
0 
0 
186 
a (1.8 %) or 
b (99% ) 
181 R= C=C(CH ) 3 2 
Reagents: (a) PY, N2, so0 ; (b) DBN, CHCl3. 
Scheme 50 
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Figure 23 1H-n.m.r. spectrum (100 MHz) of compound (187) in crx:1 3 . 
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The quinone (187) was reductively acetylated with zinc 
in acetic anhydride to afford acetate (1 88 )(scheme 51) which 
was a colourless compound with a strong absorption band in the 
I.R. at 1765 cm- 1 (C=O stretch). The 1 H-n.m.r. spectrum 
(figure 24) again suggested a mixture of isomers in the 
ratio of ca. 1:2. 
H OAc H 
Hs.7.12~4 
8 7 6 5 3 2 0 
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Figure 24 1H-n.m.r. spectrum (80 MHz, F.T.) of compound (188) in CDC1 3 . 
Reductive ozonisation of acetate (188) afforded ketone (189) 
(scheme 51), which decomposed only slowly at 80° in solution. 
The stability of this compound was not without precedence as 
93 
0 OAc 
0 
-83% 
189 
Reagents: (a) Zn, Ac 2o; (b) o3; (c) Me2S; (d) (). . 
Scheme 51 
both ketone (190) and (191) are reported to be unusually 
stable49 ,51 . Although the mass spectrum of ketone (189) 
did not contain a parent molecular ion, 
+ 
an appreciable (M" - CO) peak was present. 
The I.r. spectrum confirmed the presence 
of a strained ketone (1790 cm- 1 ) while 
the 1H-n.m .r. ~pectrum showed a sharp 
singlet (4.80 ppm) which was assigned 
to bridgehead protons HS and Hl4. 
~R' 
R2 ~-
190. R=R 1 =R2 =H 
191. R=OAc; R1 =CH3; 
R2 =0Me. 
Quinones (180), (181) and (182) were reacted with selected 
1,3-butadienes. Quinone (181) gave internal adducts (195), (196) 
and (197) (scheme 52) with dienes (192), (193) and (194) 52 . The 
assignment as "internal" rather than "external" was based on the 
1H-n.m.r. spectral data. A typical spectrum is shown in figure 25 , 
where the presence of two olefinic protons Ha and Hd indicates 
"internal" addition. Chemical shift data showed that adducts 
(195), (196) and (197) resulted from exo-addition . For instance 
. . . ,,~ '
l 
11 
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I 
I' 
the olefinic (Hd) resonance of adduct (195) (figure 25 ) is at 
higher field (6 . 31 ppm) than the olefinic (H3) resonance of 
94 
either endo-adduct (178a) (6.51 ppm) or exo-adduct (178b) (6 . 74 ppm). 
This result indicated that the olefinic (Hd) 
proton of adduct (195), like the olefinic (H3) 
proton in the endo-adduct (178a), was shielded 178a 
~-- ' I 1 , , ,., I 
111 by the benzene ring and is consistent with j 
adduct (195) arising from exo-addition of the diene . The regio-
chemistry of the adducts (195), (196) and (197) is un known, but 
could be inferred for adduct (195). The 1H-n .m.r. spectrum 
(figure 2 6) of this adduct exhibited two close singlets (6.46 
and 6. 42 ppm) for the olefinic proton Hd. The similarity of 
these chemical shifts suggested a mixture of regioisomers (ca. 4:3) . 
Stereoisomers [eg. adduct (178a) and adduct (178b)] exhibit a 
pronounced different in the chemical shifts dues to shieldi ng 
by the benzene ring in the endo-isomer and not the exo-isomer . 
0 
181. R= C=C(CH 3)2 
R1 
c,)( 
R2 
192 . 
193. 
194. 
R1 =CH 3,R
2
=H 
R1 =Cl,R 2 =H 
R1 =0TMS,R 2 =0Me 
R= C=C(CH ) 3 2 
[
~HJ]Ci~OH (0,% . yO 60S< 
22 199 
Scheme 52 
Cl 
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196. 
197. 
~ 
0 
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R1 =CH 3,R 2 =H 
R1 =Cl ,R 2 =H 
RJ=OTMS,R 2 =0Me 
OH 
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Figure 25 1H-n.m.r. spectrum (100 MHz) of compound (195) in CDC1 3 . 
Cl 
Ha 
8 7 6 5 0 
Figure 26 1H-n.m.r. spectrum (60 MHz) of compound (196) in CDC1 3 . 
The 1H-n.m.r. spectrum of adduct (197) was complicated 
and could only be partially assigned (table 6). The presence 
of the olefinic proton Hd as a singlet at 6.27 ppm confirmed 
the internal addition whi1e the two resonances at 4.97 and 
* 4.46 ppm, which were assigned as Ha and He were interpreted 
as two overlapping doublets from isometic compounds (ca. l;l). 
mu t mt. J Hz Assignment Structure 
6.94 s 4H aromatic 
6.27 s lH Hd 
4.97 d lH 6.0 Ha 
4.46 d lH 6.0 He 
H. 
4. 01 m 2H Hb, He 
3.04 s 3H -OCH3 
1.69 s 3H -CH3 0 
l. 50 s 3H -CH3 
0.24 s 9H -OTMS 
Table 6: Partial 1H-n.m.r. data for compound (197) in CDC1 3 . 
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Adduct (197) rearranged on heating in the presence of 
pyridine to afford the orange coloured quinone (198) (scheme 52 ), 
the structure of which was consistent with spectroscopic data 
and confirmed by synthesis from isobenzofulvene (22) and 
naphthoquinone (199). Apart from aromatic and methyl resonances, 
the 1H-n.m.r. spectrum ( figure 27 ) of quinone (198) contained 
one phenolic proton which could be exchanged by o2o, and a 
singlet (5.05 ppm) which was assigned to the bridgehead protons 
* On the basis of chemical shift (vide infra). 
• 10 Jt \ I 
(H6 and Hll). In the I.r. spectrum, a strong 0-H stretch from the 
phenol was observed. 
OH 
9 8 7 6 5 3 2 0 
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Figure 27 1H-n.m.r. spectrum (80 MHz, F.T.) of compound (198) in CDC1
3
. 
A mechanism for the formation of quinone (198) is suggested in 
scheme 53. Cycloreversion of adduct (197) presumably occurred at 
80° to regenerate diene (194) and quinone (181). Linear adduct (201) 
which is trapped by the pyridine (dehydrochlorination) affords 
quinone (202) which loses methanol to give (after hydrolysis) quinone 
( 198). 
,.. • ,, • hfl,. 
0 
197 art_ OTMS 
0 OCH3 
202 I 
~ 
/HJ It> 0 
R= C=C I 
\ H3 
. OTMS 
198 H 
0 
203 
Scheme 53 
In an attempt to force reaction at the "external" double 
bond, the exocyclic double bond substituents of the quinone (181) 
were replaced by the bulky adamantyl group. However, the resulting 
quinone (182) (scheme 54) also gave "internal" adducts (205), (206) 
and (207) with dienes (192), (193) and (204). The site selectivity 
and stereoselectivity were evident from the 1H-n.m.r. spectra of 
adducts (205), (206) and (207). For example, the 1H-n.m.r. spectrum 
(figure 28) of adduct (205) contained two olefinic proton resonances 
(Ha and Hd) (ie. internal adduct) while the chemical shift of the 
Hd resonance was at a higher field than the HJ resonance in adduct 
(179) (ie. exo-addition). Both of the adducts (206) and (207) 
exhibited two singlets for the olefinic resonance 
adjacent to the chlorine atom, which suggests a 
regioisomeric mixture of products, but the 
regiochemistry of adduct (205) could not be 
determined from 1H-n.m.r. spectroscopy. 179 
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R' sieoled lube 
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192. R1 CH3.~ H 
193. R7= CI.R2= H 
201.. R = H. Fr'= OMe 
205. R =CH3.R =H 
206. R =0.R =H 
2W. R =H. R =()"1e 
[~] .a~-0 
0 
176 209 
Scheme 54 
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Figure 28 1 H-n.m.r. spectrum (100 MHz) of compound (205) in ~DC1 3 . 
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At 140° adduct (207) was converted (loss of MeOH and HCl) to 
quinone (208), which was independently synthesised from isobenzofulvene 
{176) and naphthoquinone (209) via adduct (210) (figure 29: 1H-n.m.r. 
spectrum). The structure of quinone (208) was assigned from the 
1H-n.m.r. spectrum (figure 30) which contained not only aromatic and 
adamantyl resonances but also the characteristic bridgehead resonance 
(H6 and Hll) at 5.08 ppm. 
9 8 7 6 s 4 3 2 0 
Figure 29 1 H-n.m.r. spectrum (100 .MHz) of compound (210) in CDC1
3
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FigurP. 30 1H-n.m.r. spectrum (100 MHz) of compound (208) in CDC1 3 . 
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Similarly the oxo-bridged quinone (180) gave "internal" adducts 
(211) and (212) with dienes (192) and (193) (scheme 55). The site 
selectively was evident from the 1 H-n.m.r. spectra of adducts (211) 
and (212). For example, the 1H-n.m.r. spectrum (figure 31) of 
adduct (211) contained two olefinic (Ha and Hd) resonances (ie. 
internal addition) while the olefinic Hd resonance (6.31 and 6.38 ppm) 
indicated a mixture (ca. 1:1) of regioisomers. Adducts (211) and (212) 
are depicted as arising from exo-addition as no model compounds were 
available for comparison. 
R 
·Y-R-- 11.0· 
180 192. R=CH3 211. R=CH3 
213 
193. R=C l 212. R=Cl 
Scheme 55 
H 
xylene impurity 
/ 
5 3 2 0 
Figure 31 1H-n.m.r. spectrum (100 MHz) of crude compound (212) in CIX:1 3 . 
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Thennal rearrangement .of adduct (211) afforded quinone (213) 
(scheme 56); a possible mechanism is depicted in scheme 56. The 
structure of quinone (213) was assigned from the mass spectral and 
1H-n.m.r. data (figure 32: 1H-n.m.r. spectrum). 
i11~ 
180 
+ CH3 
192 
215 
0 
CH3 CH3 
213-
HO 
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Scheme 56 
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Figure 32 1H-n.m.r. spectrum (8 0 .MHz ) of compound ( 213) in crx:1 3 . 
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The internal site selectivity associated with the Diels-Alder 
reaction of quinones (180), (181) and (1 82) led to the consideration 
of two alternatives. The first alternative was to attempt Diels-
Alder reactions on compounds such as adduct (178), and the second 
alternative was to consider electron withdrawing groups (eg . -CN, 
-N02, -S02R) rather than chlorine to activate the external double 
bond. The first alternative was discounted when adduct (178) failed 
togivean adduct with isoprene (192) (scheme 57). 
0 
YCHJ 1L.O 35h • 0 sealed iube tar Cl 
H 0 192 
178. R= C=C(CH~2 
Scheme 57 
As a general rule, l ,4-benzoquinones preferentially undergo 
Diels-Alder addition at the most e ectron deficient double bond. 
103 
53 The following order of activation by substituents has been presented : 
CN>COMe>C02Me>CF3>H>F?>Cl>Me, OAc > NMePh, OMe, SMe. Based on this 
0 order it was decided to prepare and test 
quinones (218) and (219) before investigating 
more highly substituted examples. ~ 
0 
2.4.1.iv Cycloaddition reactions with 1 ,4-benzoguinone 
218. R= 0 
219. R= C=C(CH3)2 
Whereas isobenzofulvene (22) (as previously reported by 
Watson 54 ) gave a mixture of endo-adduct (222a) and exo-adduct (222b) 
with p-benzoquinone (221), isobenzofuran (1) gave only the endo -
adduct (220) (scheme 58). 
. ,,, ,.,, 
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220 l. R=O 221 222a 222b 
R= C=C(CH ) 3 2 
Scheme 58 
The structure of adduct (220) was assigned from the 1H-n .m.r. 
spectrum (figure 33) which exhibited a sharp singlet for the 
olefinic protons (H2 and H3) and the typical vicinal coupling for 
endo-stereochemistry between the bridgehead protons (H9 and HlO) 
and the adjacent protons (H4a and H9a). 
H 
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Figure 33 1H-n.m.r. spectrum (80 MHz, F.T.) of compound (220) in CDC1
3
. 
The optimal conditions for conversion of adduct (222) to 
* quinone (219) were found to be sodium acetate in acetic acid at 
reflux, followed by DDQ oxidation55 of the resulting hydroquinone 
** *** ( 224) ( scheme 59) • The hydroqu i none { 224) · , a col our less 
compound, was insoluble in corrmon organic solvents and exhibited 
a broad absorption band in _the I.r. at 3280 cm- 1 (0-H stretching}, 
while the 1H-n.m.r. spectrum (figure 34) contained the expected 
bridgehead (H9 and HlO) resonance at 4.97 ppm. 
Reagents: 
tar 
R~ C=CICH3)2 
OAc 
H 
l 
~1; 0 ... 
0 
OH 
~ 
224 OH 
--
0
=·b=.c'--'.d._e -- No reaction 
;(95%),k(76%) 
30 (a) PCC , CH2Cl2, 18h; (b) PCC, CH2Clz, PY, 15h; 
57 (c) Collins reagent ; (d) DDQ, CHC1 3, 6; 
(e) DDQ, TsOH, C6H6 , 6; (f) i) py, 6, sealed tube, 2h; 
ii ) chromic acid, AcOH, c6H6; (g} i ) py, 6, 36h; 
ii ) PCC; {h) i ) KtBuO, N2; ii ) Ag 20; (i) DDQ, CHC1 3; 
(j) FeC1 3; H\ c6H6 , 6. 
Scheme 59 
* HBr in AcOH proved unsatisfactory while treatment with pyridine 
at 140° in a sealed tube for 12h. was effective but less convenient. 
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** A less convenient route to the hydroquinone (224) was via acetate (223). 
56 
*** Hydroquinone (224) was unaffected by CAN/NaBr01/CH 3CN/H20 at 
room temperature but when warmed at 80° gave a black green tar. 
.. ,,. It .. ' 
106 
Hta11 
Hi() 
OMSO 
9 6 7 6 5 4 3 2 
Figure 34 1H-n.m.r. spectrum (100 MHz) of compound (224) in a6-DHSO 
Insert: 1H-n.m.r. spectrum (JOO MHz) of compound 
· (224) in d 5-pyridine. 
The structure of quinone (219) was assigned from the JH-n.m.r. 
spectrum (fi gure 35) which contained two sharp singlets for the 
bridgehead protons (4.93 ppm) and olefinic protons (6.55 ppm). 
H 
6 7 6 3 2 0 
Figure 35 JH-n.m.r. spectrum (100 MHz) of compound (219) in CDC1 3 . 
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Similar efforts to convert adduct (220) into quinone (218) 
were unsuccessful, and instead the known qui no ne (2 25) was ob t ained 
(sch eme 60). A possible mechanism of formation is illustrat ed in 
scheme 61. 
0 ~ ~ c or d a or b No reoct ,on 0 H 0 
225 220 
Reagents: (a) s-collidine, 12h; (b) Ac 2o, py; 
(c) NaOAc, HOAc, 6; (d) i) py, 80°; ii) HID 
Scheme 60 
220 ~-----~~~~  ~----- 225 
OH H HO.. )j) 
226 H 
227 
Scheme 61 
Quinone (219) also gave internal adducts with dienes (192), 
(193) and (194) (scheme 62). The site selectivity and stereo-
l . 
selectivity were evident from the H-n.m.r. spectra. For example 
the spectrum (fi gure 36) of adduct (228) exhibited two olefinic 
signals (Ha and Hd,e) (ie. internal addition) while the chemical 
* shift of the Hd,e resonance (6.01 ppm) indicated e.xo-addition 
* Compare the chemical shift of the 
ol ef inic si gnal (6.05 ppm) for the 
endo-adduct (222a). 
222a 
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219. 192. R1 =CH3, R
2
=H 228. 
193. R1 =Cl, R2=H 229. 
194. R1 =0TMS, R2=0Me 230. 
Scheme 62 
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231. 
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Figure 36 1H-n.m.r spectrum (80 .MHz, F.T.) of compound (228) in CDC1 3 . 
, ,, ,.,, , 
Cl 
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Thermal rearrangement of adduct (229) at 140° in a sealed 
+ 
tube gave a yellow solid (M· = 346) which was too insoluble ( eg . 
CHC1 3, acetone, DMSO) to enable a 1 H-n.m.r. spectrum to be obtained. 
Based on the presence of two strong I.r. absorption bands at 1650 
and 1667 cm- 1 , characteristic of 1 ,4-quinones 58 , and the molecular 
weight, the yellow solid was tentatively assigned structure (231). 
A plausible mechanism (scheme 63) would involve cycloreversion to 
regenerate diene (193) and quinone (219), followed by recombination 
to form linear adduct (232). Enolisation, perhaps promoted by the 
trace of acid in commercial chloroform, would irreversibly trap 
linear adduct (232) to form quinol (233). Subsequent aerial 
oxidation would generate quinone (231). 
OH 
0 OH 
232. R= C=C(CH3)2 233. R= C=C(CH3)2 
Scheme 63 
2.4 .1. v Sulphonyl substituted guinones 
It was obvious that strongly activating substituents would need 
to be used in order to solve this problem of site selectivity. So 
on this basis it was decided to investigate 
the preparation of sulphonyl substituted 
quinones related to quinone (234). Three 
different approaches were considered for 
the synthesis of quinone (234) (scheme 64). 
Two approaches involved Michael addition to quinone (219), while the 
third approach started with quinone (237). 
231 . 
• , ,, Ito,• 
0 
~ 219 0 
C 
6 
OH 
OH 
OH 
~sR1 
236 OH R= C=C(CH ) 3 2 
110 
[CO] · ~SR' 
0 Reagents: (a) M+ R1 S02; 
(b) HSR 1 • 
22 o 
238 0 
237 
Scheme 64 
Reaction of isobenzofulvene (22) with quinone (239)*• 59 
gave adduct (240) (scheme 65) which was converted to hydroquinone 
(241) by sodium acetate in acetic acid at reflux. The gross 
structure of adduct (240) was obvious from the 1H-n.m .r. spectrum 
(figure 37) where the single (l proton) sharp olefinic (H3) 
resonance defined the addition as occurring at the unsubstituted 
double bond of the quinone (239). Because of the asymmetry of 
the molecule it was not possible to draw any conclusions, from 
coupling evidence, regarding the stereochemistry . 
Hydroquinone (241) was never completely purified because 
of facile aerial oxidation to quinone (242). However this 
* Isobenzofuran (l) also forms an adduct which is very acid 
sensitive. 
, ,, l ti\ l 
I 
I, 
* conversion was best done with either DDQ or CAN/NaBro3. The 
111 . '" '" ' 
0 
0 
1H-n.m.r. spectrum (figure J B ) was consistent 
with the structure of quinone (242), the 
olefinic proton (H3) and bridgehead proton 
(H9 and HlO) resonances being characteristic. 24 2. R= C=C(CH3)2 
0 
[(D<J·9's~ 0 a -
0 0 OH 
22 239 240. R= C=C(CH3)2 241. R= C=C(CH3)2 
Scheme 65 
6 5 4 0 
Figure 37 JH-n.m.r. spectrum (100 MHz) of compound (240) in crx::1
3
. 
* Hydroquinone (241) was rapidly o~idised at room temperature with 
either DDQ or CAN/NaBr03 while ferric chloride/HCl was totatly 
unsatisfactory. Attempts to further oxidise quinone (242) with 
CAN/NaBr03 at 95° (N 2 atmosphere, 12h, CH3CN, H20)gave a mixture of products none of which had the expected molecular weight. 
As would be expected for the deactivating thiomethyl 
substituent, quinone (242) gave internal adduct (243) on treatment 
with diene (194) (scheme 66). The gross structure of adduct (243) 
was assigned from the 1H-n.m.r. spectrum (figure 39) where the 
presence of two olefinic resonances (Ha and Hd) indicated an 
internal adduct. The regiochemical and stereochemical outcome of 
this reaction is unknown as the structure of the appropriate 
model, adduct (240), is also unknown. Adduct (243) is depicted 
as arising from exo-addition. 
0 
6 7 6 5 4 3 2 0 
Figure 38 JH-n.m.r. spectrum (100 .MHz) of compound (242) in CDC1 3 . 
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+ YOTMS 
St-1e( 
OMe 
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r. I. 
Scheme 66 
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Figure 39 
1
H-n.m.r. spectrum (80 MHz, F.T.) of crude compound (243) 
in crx::1 3 . 
Nucleophilic addition of p-toluenethiol to quinone (219) 
113 
afforded a mixture of hydroquinone (244) and quinone (245) (scheme 67). 
Quinone (245) arose by aerial oxidation of quinol (244); alternatively 
this conversion was accomplished with DDQ. 
s@-Me 
Scheme 67 
1 ,, ' '\ I 
The structure of hydroquinone (244), a white solid, was 
assigned from the molecular weight and 1H-n.m.r. spectrum 
(figure 40) . Two distinct hydroxyl resonances were observed, 
presumably due to intramolecular hydrogen bonding of one hydroxyl 
group to sulphur. The bridgehead protons (H9 and HlO) which display 
long range W coupling ("J9, 10 = 1.6 Hz), were clearly discernable 
at 4.96 and 5.03 ppm. The structure of quinone (245), a red 
coloured oil, was supported by a molecular weight determination 
+ (M· = 384) and its 1H-n.m.r. spectrum in which the bridgehead 
resonances (4.86 and 4.95 ppm) again displayed long range W coupling 
("J9,10 = l .7 Hz) and the olefinic proton (H3) was a sharp singlet 
at 5.61 ppm. 
\ 
OzO exct,a,ge 
H 
9&10 OH 
8 6 5 4 3 2 0 
114 
Figure 40 1H-n.m.r. spectrum (80 MHz, F.T.) of compound (244 ) in CDC1
3
. 
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Conditions for the efficient oxidation of hydroquinones (241) 
and (244), or of quinones (242) ·and (245), to sulphones (246) and (247), 
or the corresponding sulphoxides were not found 
(scheme 68). However, these sulphones (246) 
* and (247) were successfully produced by sulphinate 
** salt addition to quinone (219), followed 
*** by DDQ oxidation of the resulting hydroquinones 
(248) and (250) (scheme 69). 
OH 
0 
246. R=CH 3 
247. R= Q)cH3 
OH 
SMe 
~so2M, a tar• 
241 **** 
• trace· OH 248 
d SMe a or c SMe- complex mixture 
242 0 
0 
s@-Me 
e 
tar 
0 
Reagents: (a) H2o2, HOAc, 15h
61 ; (b) Si02;H20/CH 2c1 2;so2c1 2,
62 ; 
(c) NaI04,
63 ; (d) NBS 64 ; (e) KMn04, HOAc, H2o
38
. 
Scheme 68 
* A red oil which decomposed on attempted Kugelrohr distillation 
(ca. 0.05mm Hg). 
** Commercial sodium p-toluenesulphinate was stable however the lithium 
methylsulphinate was freshly prepared from methyl lithium and sulphur 
dioxide by the method of Pinnick and Reynolds60. 
*** FeC1 3/H+ was unsatisfactory. 
**** A minor component, separated by t.l .c (Si02/acetone), was 
attributed to quinol (248). 1 H-n.m.r. spectrum (d 6 -acetone) o 1.66, 
s, 3H, -CH 3; 2.83, s, 3H~ -CH3; 5.24, bs, 2H, H9, Hl~; 6.76, s, Hl, H3; 6.90-7.76, m, 2H, aromatic; 7.32-7.56, m, 2H, aromatic. 
. . . ,,~ ' 
I 
I· 
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0 
b 
0 
219 248. R=CH 3 (92%) 246. R=CH 3 (95%) 
2 50. R= Q CH 3 (85%) 247. R= Q cH3 (100%) 
Reagents: (a) M+so2R-; (b) DDQ. 
Scheme 69 
The structures of hydroquinones (248) and (250) were consistent 
with their spectroscopic data. For example the I.r. spectrum of 
hydroquinone (250) contained strong absorption bands at 1313, 1308 and 
1130 cm- 1 typical for a sulphone65 , and a strong 0-H stretch at 
3360 cm- 1 , while the 1H-n.m.r. spectrum (figure 41) contained 
characteristic bridgehead proton (H9 and HlO) resonances exhibiting 
long range W coupling ( 4 J9,10 = 1.5 Hz). 
-OH 
9 8 7 6 5 4 3 2 0 
Figure 41 1H-n.m.r. spectrum (BO MHz, F.T.) of compound (250) in CDC1
3
. 
, , I 1•'11'1 
D 
D 
Hydroquinone (250) was also prepared by treatment of adduct 
* ** (255) with pyridine (scheme 70). This result could be 
rationalised by several mechanisms ( scheme 71 ): 
1. elimination and subsequent Michael addition (path A). 
2. retro Diels-Alder reaction followed by cycloaddition 
and enolisation (path B). 
3. base induced l,5-shift66 (path C). 
Although no investigation has been undertaken to date, the simple 
expedient of repeating this experiment in the presence of the 
readily available qui none (251) 67 should point to the correct 
mechanism. The presence of quinol (252) would indicate path A, 
D 0 D OH D 0 
D so(Q>-Me D 
D D 
D OH D 
251 252 253 
while the presence of adduct (253) would signify path B. Finally, 
full recovery of quinone (251) 
[OJ<]·~s 
22 O 254 
would be evidence for path 
~-PY_ 
so 
~ 
::r 
11) 
255. R::CH 3 
Scheme 70 
C. 
OH 
* Adduct (255) has previously been prepared68 from quinone (254 ) 
and isobenzofulvene (22) . 
** Potassium tert-butoxide did not affect this transformation. 
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~ R= ©-Me 
H 0 
1 retro Diels-Alder 
2. cycloaddit,on 
255 :? 0 PATH B 
;:o 
1~ 
' OH 
~-1._5-s_hi_ft _ 
 PATHC 
259 sv 
;:o 
0 
Scheme 71 
The structure of quinone (246) was assigned from the 1 H-n.m.r . 
spectrum (figure 42 ), where the bridgehead (H9 and HlO) resonance 
(4.96 ppm) and olefinic (H3) resonance (7.33 ppm) were distinctive. 
Similarly the 1 H-n.m.r. spectrum (figure 43) of quinone (247) 
contained the bridgehead (H9 and HlO) resonance (4.95 ppm), but 
the olefinic (H3) resonance was obscured by the aromatic signals. 
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Figure 42 1H-n.m.r. spectrum (100 .MHz) of compound (246) in CDC1 3 . 
0 
Hg&H10 
g 8 7 6 5 3 2 0 
Figure 43 1H-n.m.r spectrum (80 MHz, F.T.) of compound (247) in CDC1 3 . 
2.4.l.vi Site selectivity revisited 
Quinones (246) and (247) gave linear adducts (262) and (263) 
with cyclopentadiene (261) (scheme 72), and quinone (247) gave a 
linear adduct (264) with isoprene (192). The structure of these 
adducts was assigned on the basis of their 1H-n.m.r. spectra. 
0 0 
S02R 0 
0 
246. R-CH 261 - 3 
247. R=@CH3 
Vl as 
262. R=CH 3 ::o 
263. R= @ CH3 
Me 
MeJ:: • 247 
Vl 
0 0 N 
264 ~ 192 
3: 
II) 
Scheme 72 
The structure of adduct (262) was clear from the 1H-n .m.r. 
spectrum (table 7). Specific irradiation of the multiplet at 
3.5 ppm (Hl and H4) caused both of the doublets (H2 and H3) at 
120 
5.56 and 5.42 ppm to collapse to a pair of doublets ( 3J2,3 = 6.0 Hz), 
and irradiation of the doublet at 2.14 ppm (Hl3) caused the doublet 
at 1.38 ppm (Hl3) to collapse to a singlet. The site selectivity of 
this reaction was supported by the chemical shits of the bridgehead 
protons (H6 and Hll) which are very similar to the chemical shift 
of the bridgehead protons (H9 and HlO) in the starting quinone (246); 
in contract to this, previous internal adducts were accompanied by 
• ' ' I•~ I 
I 
I· 
121 
a upfield shift of ca . l ppm for the bridgehead resonances. Further 
evidence for the linearity comes from the Hl2a resonance, the 
coupling ( 3J1 ,l 2a = 3.6 Hz) of which defines the addition as 
e ndo, however the relationship between the two bridges is unknown. 
Mu l t. & 
0 Mul t. & Integ. J (Hz) Assignment 
l. 38 bd lH 
0 Integ. J(Hz) Assign;nent 
8. 8 Hl3 
l. 59 s 6H CH 3 
2. 14 bd lH 8.8 Hl3 
3.22 s 3H 
-CH3 
3.3-3.7 m 
4.88 s lH 
J 
H6, Hll 4.90 s lH 
5.42 dd lH 6.0, 3. 0 J H2, H3 5.56 dd lH 6.0, 3.0 
2H Hl, H4 6.96-7. 16 m 2H aromatic 
3.93 d lH 3.6 Hl2a 7.48-7.30 m 2H aromatic 
Table 7: 1H-n.m.r. data for compound (262) in CDC1
3
. 
The structu~e of adduct (263) was also assigned from the 1H-n. m.r. 
spectrum (table B) and is analogous to adduct (262). Adduct (263) 
was slowly transformed, in the presence of light, to a new compound 
in which the olefinic protons (5.46 ppm) in adduct (263) had 
disappeared. It was assumed that a cage compound (265) was formed by 
an intramolecular [2+2] cycloaddition (scheme 73) . The 1H-n.m.r. 
spectrum was complex and only partially assigned in table 9. 
0 
h)I so2@-tvie 
0 ~ 
r,..) 
263 C$) 265 
~ 
Ill 
Scheme 73 
... ''"' ' 
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Mu l t. & 
0 InteCJ. J(Hz) Assignment I Mu l t. & 0 fote9. J(Hz ) Assiqnment 
l. 56 s 6H -CH 3 4.75 m 2H H6, Hll 
2.28 m 2H ~CH 2 5.46 bs 2H H2, H3 
2.48 s 3H -CH 3 6.90-7. 13 m 2H aromatic 
3.53 m 2H Hl, H4 7.1 8-7.48 m 4H aromatic 
4. 15 d lH 4.0 Hl2a 7.74 d 2H 8.0 aroma tic 
Table 8: 1 H-n.m.r. data for compound (263) in cvc1
3 
R=@-Me 
Mult. & Mu It. & 
0 Integ. Assignment 0 Integ. Assignment 
l. 61 s 6H -CH 3 7.16-7.39 m aromatic .. 
2.45 s 3H -CH3 7.97 d 2H aromatic 
3.86 bs 2H bridgehead 
.. 
Table 9: 1H-n.m.r. data for compound (265) in CDC1 3 
The complexity of the 1H-n.m.r. spectrum (table 10) of adduct 
(264) suggested a mixture of isomers. The linear nature of adduct 
(264) was supported by the chemical shift of the bridgehead protons 
(H6 and Hll) and the presence of a doublet ( 3J1 ,, 2 = 3.3 Hz) at 
3.82 ppm which was assigned to proton Hl2a. 
Preliminary investigations of this model adduct (262) with 
DBN suggested that the elimination of the sulphonyl group can be 
readily accomplished (scheme 74). The structure of quinone (266} 
was based solely on the 1H-n.m.r. spectrum (table 11) and the 
stereochemical relationship of the two bridges is still un known. 
• ' ' /I ~ I 
123 , , . ,,-. 1 
Mult. & Mult . & 
6 Inteq. J(Hz) Assiqnment 6 Integ . J(Hz) Assiqnment 
1.8-3. l m 3.82 d lH 3.3 Hl2a 
l. 57 s l 9H -CH 3 1.71-1.64 m 
2. 38 s l 3H c6Hzi -CH 3 2. 45 s 
4. 78 d ] 1 H 1.6 ! 4.86 d ,. 6 H6, Hll 
i 
4.93 bs lH 
5.29 m lH olefinic 
3. 56 m lH 7.25-6.90 m SH aroma tic 
Table 10: 1H-n.m.r. data for compound (264) in CDC1 3 . 
R= @-Me Me 
0 
DBN 
0 
262. ·R=CH 3 266 
Scheme 74 
I 
' 
1. 
Mult . & 
0 lnteg. J(Hz) Assignment 
l. 59 s 6H 
-CH3 2.00-2.30 m 2H Hl3 
Mu It. & 
0 lnteg. J(Hz) Assiqnment 
6. 79 m 2H HZ, H3 
6.9-7.2 m 2H aromatic 
4.06 m 2H Hl , H4 7. 24-7.32 m 2H aromatic 
4. 94 s 2H H6, Hll 
Table 11: 1H-n.m.r. data for compound (266) in CDC1 3 . 
The previous model studies have demonstrated the potential 
of the series of reactions in scheme 75. These reactions are 
central to the retrosynthetic analysis in sche me 44 [ie. (162)-+ 
(163)-+(164) + (165)]. A further required feature of this analysis, 
regiochemical control in the Diels-Alder reaction [(268) -+ {270) in 
schene 75], was investigated in a model study by the 
reaction of the sulphonyl quinones (246) and (247) 
with the dienes (267) 69 and (194) . However the 
results of these reactions were complex and the 
* 
1H-n.m.r. spectra suggested isomeric mixtures . 
267 . R=H 
194. R=Ome 
At this stage work was suspended in this area pending the results 
of some further model studies described in section 2.4.2. 
268 269 270 271 
Scheme 75 
The other crucial area involving regiochemical control is the 
synthesis of the sulphonyl quinones. Two general approaches to 
sulphonyl quinones, which would be suitable for use in synthesis 
based on the retrosynthetic analysis in scheme 44, are presented 
in scheme 76. A common feature, regiochemical control of the 
addition of l-substituted isobenzofulvenes and isobenzofurans to 
sulphonyl quinones, was briefly investigated in some model studies. 
* In the case of the methyl sulphonyl quinone (246) and diene (267) 
there was evidence for a linear adduct as it was possible to monitor 
the disappearance of the olefinic (H3) proton of quinone (246) 
during the course of the reaction. 
124 • 1' I •'\ I 
I " 
ii 
I 
(I 
125 
R1 0 
~I S02R2 
poth A 
Meo o 
274 
275 276 268 
Scheme 76 
The synthesis of isobenzofulvene precursors, such as 
alkenes (280) and (281) represented a major project (scheme 77) 
in itself which time did not ollow . The necessary isobenzofuran 
precursors (47) and (56) had already been prepared, enabling 
the reaction of isobenzofurans (73) and (144) to be examined 
with selected quinones. 
OAc OAc 9cb ~ ~ ~ ,...._ ,...._ Meo Ok. OCH3 CH3 Meo 
47 56 73 144 
a=<-
277 
Scheme 77 
• ,' l! 't I 
Russell and his associates 70 (scheme 78) have reported that 
the dihydropyridizine (282), an intermeadiate in the s-tetrazine 
route to 1-acetoxyisobenzofuran (84), undergoes a non-concerted 
fragmentation to the zwitterionic species (283) which in the 
presence of quinones is oxidised to the phthalide (285). 
~~ 
OAc Py 
282 
OAc 
p-y 
Scheme 78 
Py 
284 
In contrast, isobenzofurans (73) and (144) gave adducts 
(286) and (287) with p-benzoquinone . The structure of adducts 
(286) and (287) were assigned 
from their 1H-n.m.r . spectra 
(figures 44 and 45) where the 
coupling to the bridgehead 287 
protons defines the stereochemisty as endo. 
286 
Unfortunately isobenzofurans (73) and (144) failed to give 
adducts with 2,5-dichlorobenzoquinone (175) or with quinone (254). 
Mixing of quinone (254) and the 
isobenzofuran precursors, 
1 ,4-epoxi des ( 47) and ( 56), 
resulted in a exothermic reaction 
* which destroyed the reactants . 
Cl~ I I 
Cl 
0 
175 254 
* Whether this is a result of acidic impurities in quinone (254) 
is still to be determined . 
126 • , , I n I 
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Figure 44 1 H-n.m.r. spectrum (80 MHz, F.T.) of compound (286) in CDC1
3
. 
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Figure 45 1 H-n.m.r. spectrum (80 MHz, F.T.) of compound (287) in CDC1
3
. 
2.4. l .vii Conclusion 
The preliminary investigation of the synthetic strategy for 
the synthesis of the anthracyclinones, presented in scheme 44, 
focused on the retrosynthetic cleavage (166)~(165) + (164). Site 
selectivity in the corresponding reaciton, the Diels-Alder addition 
suitable dienes, was a 
site a 
128 
of dienophiles such as quinone (165) to 
major difficulty. Quinones (165) where 
R3 = H, Cl invariably reacted at the 
internal double bond (site a), and the 
required linear adducts were not formed. 
R1 \ 0 ·t h ! SI e 1o1 
~ 
R3 
MeO 0 
This problem was overcome by activation of 165 
site b with the sulphonyl group (R3 = so2R ), a strongly electron 
withdrawing substituent. 
An investigation of the generality of this activation concept 
was undertaken in model studies (appendix r), where the implications 
of this concept on a known anthracyclinone synthesis is discussed. 
However if the present synthetic strategy (scheme 44) using activating 
sulphonyl substituents is to be successful, then several areas would 
need to be investigated: 
i) The regiospecific location of the activating group 
(R3 = S02R) in relation to the methoxy substituent in quinone (165) 
(scheme 44). This might be accomplished by either of the methods 
* shown in scheme 76 which would require the synthesis of quinone (275) , 
or proof of al ,5-shift mechanism (scheme 71), and an extensive 
examination of the regiochemistry of 1-substituted isobenzofurans 
and isobenzofulvenes with sulphonyl substituted quinones [ie. (168) + 
(272) or (275) in scheme 76]. 
* The regiospecific synthesis of these quinones is unknown and would 
require investigation. 
t ' ' 111, I 
11 
,. 
.. 
ii) Detailed examination of the regioch emis try of the Diels-
Alder reaction of dienes (164) with quinone (165) in scheme 44 . 
Model studies ( vide infra ) suggests that regiochemical control 
should be possible with appropriate dienes. 
Finally should the sulphonyl activation concept prove 
unsuccessful, then it maybe feasible to consider the following 
alternative in scheme 79 where the crucial step involves regio-
specific acyl peroxide alkylation 71 followed by cyclisation. 
CRUCIAL STEP 
MeO 287 0 OMe 0 OMe 290 OR2 289 
l CT 
OH 
-- .,.__ ..,.,_____ 4---- -
a-1e 0 HO OMe ( 5) 291 
Scheme 79 
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2.4.2. CYCLOADDITION REACTIONS ON A FUICTIONALISED AB SYNTHON 
2.4.2.i Introduction 
Retrosynthetic analysis of target molecule, adriamycinone (5), 
as summarised in scheme BO , gives the AB synthon (296) and the CD 
synthon (168). This analysis is closely related to that reported 
in scheme 44 . A new feature is the use of a completely functionalised 
AB synthon (296). There has been one reported use of a completely 
functionalised AB synthon for the synthesis 
of the anthracyclinones. Swenton and his 
associates 72 used ketal (292) (see page 28) 
to prepare (±)-4,demethoxydaunomycinone, but 
the main disadvantage of their synthesis was 
the lengthy preparation of ketal (292). 
R1 
OH 
OMe 0 HO MeO OH i)R2 
TARGET MOLECULE ( 5) 293 
R1 
y6 + :,-.... 
OMe 0 QR2 
·oR4 
DC SYNTHON (168) AB SYNTHON (296) 
Scheme 80 
292 
OMe 0 
294 ~ 
OMe 0 
295 
I 
0 I, 
6R2 
131 
Retrosynthetic analysis (scheme 81) of the AB synthon (296) 
suggested a possible synthesis from p-benzoquinones and l ,3-butadienes. 
This section discusses progress made in this area. 
R~ w ····· ORL.. 
0 6R2 
==R~
2 
O==R0
2 
ORS 
0 OR ~
296 297 298 
loRS 
OR2 
8 Synthon (167) A Syn th on ( 164) 
Scheme 81 
2.4.2.ii Preparation of an AB synthon 
The requirements for the substituents (R3) in B-synthon (167) 
were similar to those in the previous section and for this reason 
the reaction of Oanishefsky's diene (194) 52 with quinones (175) and 
* (254) was investigated. Both of the quinones (175) and (254) 
reacted regiospecifically with diene (194) to afford adducts (300) 
and (301) (scheme 82) . 
0 H 0 
ClwOTMSCl~ I I 1-- I I • 
Cl 
Cl 1 
0 OMe 0 
300 175 194 
Scheme 82 
* An attempted synthesis of 
2-methylsulphonyl-1,4-benzoquinone was 
discontinued owing to the difficult 
preparation of quinol (299). 
9'5-02_@_M_e---. ¢t,YOTMS 
O O ,:J OMe 
254 
OH 
~S02CH3 
OH 
299 
© 
:r 301 
<1> 
• I' / tt, I 
The gross structure of adducts (300) and (301) was assigned 
from their 1 H-n .m.r. spectra. However, it was not possible to 
assign their complete stereochemistry73 , so the adducts (300) 
and (301) are depicted as resulting from syn and endo addition . 
The 1 H-n.m.r. spectrum (figure 46) of adduct (300) was interpreted 
with the aid of spin-spin decoupling. Irradiation of the olefinic 
* (H6) doublet caused the allylic (HS) doublet to collapse to a 
132 
singlet, while irradiation of the H8a resonance caused the H8 1 
multiplet to collapse to a doublet ( 2 J8,8 1 = 18.5 Hz). Unfortunately, 
the remainder of the resonances were too close together to obtain 
meaningful decoupling results. The 1H.n.m.r. spectrum (figure 47) 
of adduct (301) was similar to that of adduct (300) and again 
irradiation of the olefinic (H6) doublet caused the allylic (HS) 
doublet to collapse to a singlet. 
OTMS 
8 7 6 5 4 2 
Figure 46 1 H-n .m.r. spectrum (100 MHz) of compound (300) in CDC1 3 . 
* The fact that this resonance is a doublet is consistent only with 
the regioisomer depicted. 
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Figure 47 lH-n.m.r spectrum (100 MHz) of compound (301) in CJX1
3
. 
* Whereas adduct (301) decomposed on removal of solvent, adduct 
(300) could by hydrolysed to ketone (302) (scheme BJ). Ketone (302) 
was unstable and decomposed to naphthoquinone (199) on storage or 
chromatography. The structure of ketone (302) was consistent with 
the molecular weight and the lH-n.m.r. spectrum (figure 48) where 
the methoxy, olefinic (H3) and H5 resonances were the only distinct 
features. 
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0 
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Scheme 83 
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* Further investigation of the resulting mixture was not undertaken. 
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Figure 48 
1
H-n.m.r. spectrum (BO MHZ, F.T.) of compound (302) in CDC1
3
. 
Dehydrochlorination of adduct (300) was accompanied by 
aromatisation of the A-ring (scheme 84). The structure of the 
quinone (199~ obtained after hydrolysis,was evident from the molecular 
weight and 1H-n.m.r. spectrum (figure 49) which contained no aliphatic 
resonances. 
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Scheme 84 
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Figure 49 1H-n. m.r. spe ctrum (BO MHz, F.T.) of compound (199 ) 
in d 6 -ace ton e . 
To inhibit the aromatisation of the A-ring, the chemical 
elaboration of the C7 carbonyl in ketone (302), before dehydro-
chlorination, was investigated. 
135 
0 
As a model study, ketone (304) 
was prepared, and the side chain 
elaboration was undertaken on this 
molecule, which may be more stable 
w 
0 OHe 
302 304 
than ketone (302). 
Danishefsky52 had previously reported that diene (194) reacted 
with p-benzoquinone to give, after acetylation, acetate (306) 
(scheme 8 5). In this study, the intermediate adduct (305) was 
characterised by 1H-n.m.r. and mass spectroscopy. The 1H-n.m.r. 
spectrum ( fi gure 50) of adduct (305) exhibited an AB pattern for 
. . ''"'' 
the olefinic (H2 and H3) resonances, while the remainder of the 
spectrum was similar to that of the previous adducts (300) and 
(301) (see figure 46 and 47 ). 
The allylic (HS) resonance, an apparent triplet, is in fact 
a doublet of doublets as irradiation of the olefinic (H6) doublet 
caused the HS resonance to collapse to a doublet ( 3J4a,S = 4.0 Hz 
in c6o6 ) . 
0 
¢ 
0 
221 
+ ~OTMS 
OMe 
194 
Reagents: (a) Ac2o, py . 
7 6 
0 
w0S-iM_e_3_ o _ _.. 
0 OMe 
305 
Scheme 85 
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OAc ¢or~' 
OAc 
306 
Figure 50 1H-n.m.r . spectrum (100 MHz) of compound (305) in d 5-pyridine 
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Treatment of adduct (305) with dilute ac id cleanly afforded 
* the desired ketone (304) However, contrary to Da nishefs ky 's 
report
52
, treatment with acetic anhydride and pyr idine at room 
temperature afforded either triacetate (307) or ketone (308) 
(scheme 86 ) depending on whether the TMS ether was hydrolysed before 
or after removal of the acetic anhydride. 
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~OTHS 
OAc ~ wo, ~~ I b or 0 OcH3 0 0% OAc OMe OAc OMe 
304 305 307 308 
+ (b) Ac 2o, Rea9ents: (a) H; py . 
Scheme 86 
The structure of ketone (304) was assigned on the basis of 
the molecular weight and the 1 H-n.m.r. spectrum (figure 51) which · 
contained an AB system for olefinic protons (H2 and H3), a distinct 
methoxy resonance a~9 a multiplet attributable to the HS proton. 
The structure of the triacetate (307) was consistent with 
the molecular weight and 1 H-n .m.r. spectrum (figure 52). The 
aromatic (H2 and H3) resonances were a distinct AB system, and 
specific irradiation of the two protons (H6 and H6') caused both 
of the olefinic (HS) and H7 resonances to collapse to singlets . 
Ketone (308) was not completely purified, but its structure 
was assigned on the basis of molecular weight and 1H-n .m.r. 
spectroscopy. In the 1H-n.m.r . spectrum (figure 53) irradiation 
of the H5 triplet caused the collapse of the H6 and H6' multiplets 
to a pair of doublets ( 2 J6,6, = 17 Hz). 
* Ketone (304) was an oil that decomposed on chromatography or 
Kugelrohr distillation . 
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Figure 51 1H- n .m.r . spectrum (BO MHz, F . T.) of compound (304) in crx:1
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Figure 52 1H-n.m.r. spectrum (80 MHz, F . T.) of compound (307) in crx:1
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Figure 53 1H-n.m.r. spectrum (60 .MHz) of crude compound (308) in CDC1
3
. 
The acetic anhydride/pyridine reaction (scheme 86) was examined. 
Replacement of the acetic anhydride with either trifluoroacetic 
anhydride or isopropenyl acetate under the same conditions led only 
* to quinone (309) . 
While neat pyridine 0 OTHS 
~OH ~OTMS at room temperature Q 
had no affect on 
0 THS 
adduct (305), it gave a 309 310 
** complex mixture of products at higher temperatures Treatment of 
* Quinone (309) was also produced when adduct (305) was 
sodium acetate in acetic acid at reflux. 
** Presumably via hydroquinone (311) which is reported 
in the literature to be unstable. Other reagents such 
as (9) Me2so4, K2co1 ; b) H+; or (a) NaH, b) Mel, 
c) H+) also gave complex mixtures of aromatic products. 
treated with 
HO 
~H 
139 
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adduct (305) with triethylamine/trimethylsilylchloride gave 
naphthalene (310). The structure of naphthalene (310) was apparent 
from the molecular weight and the 1H-n.m.r. spectrum (figure 54) 
which contained only aromatic and trimethylsilyl resonances. 
9 7 6 5 3 2 0 
Figure 54 1H-n.m.r. spectrum (BO MHz, F . T.) of compound (310) in CDC1
3
. 
Unfortunately attempts to selectively ketalise ketone (304) were 
unsuccessful (scheme 87) and to date no further effort has been 
undertaken towards the chemical elaboration of this material. Instead 
attention was focused on the ketone (308) and triacetate (307). 
140 
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141 
WO 0-a or b dJrk red ol . Reagents: 
0 OC~ 
304 
(a) HSCH2CH2SH, BF3·EtzO, CH2Cl2; 
(b) EG, c6H6, TsOH, 6 . 
Scheme 87 
A variety of reagents, summarized in scheme BB, failed to 
effect the transformation of triacetate (307) to 
hydroquinone (312), and gave complex mixtures. 
Similarly, attempts to chemically elaborate 
ketone (308), with a variety of reagents 
OH 
¢\f° 
OH OMe 
312 
(scheme 89) led to either aromatic products or polymeric material . 
OAc 
tar c or d Qy~ a or b 
no reaction e 
~ OAc OHe 
307 Reagents: 
+ (a) H, AcOH, 6; (b) OW, THF; (c) LiA1H4, THF; 
(d) NaBH4 , MeOH; (e) H+, acetone; (f) Zn(0Ac) 2, MeOH. 
Scheme BB 
aromatic products 
0 ¢v0H 
0 
309 
The facile aromatisation of the A-ring was a major obstacle 
to which one response would be to utilise a synthetic equivalent 
of diene (194), which contained all the appropriate functionality 
in a latent form. a-Pyrone (316) was potentially a suitable diene 
(sch eme 90) provided it was sufficiently reactive and that the 
* initial adduct (317) could be isolated . 
* Some precedence exists as Bosshard and associates 74 
have isolated adduct (315). ~ 
OMe 0 
315 
' 1,-. I 
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OA.c 
00 O•H orornat1c products 
tor • 
tor ~ OAc ~ 0Ac 313 ¢7~ rbcrOAc 
/ 
OAC OMe r 306 
308 O' 
OAc 
orornol1c products 
~OCH2CH2 0H 
OAc 314 
HO CN 
Reagents: (a) X , EtOH, NaHC03; (b) Me3SiCN, CHC1 3 , ZnI 2; 
(c) Ac2o, FeCl 3; (d) EG, BF3•Et2o, CHC1 3; 
(e) EtMgBr, THF; (f) HC::CMgBr, THF; (g) Ag(II)O , 
dioxane, HN03; (h) EG, C6H6 , TSOH, 6. 
Scheme 89 
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lo~o 
316 221 317 318 319 
Scheme 90 
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Model studies of the diene activity of a-pyrone (316) were 
undertaken with a-pyrone (322) which can be prepared by literature 
75 
methods (scheme 91). Unfortunately, a-pyrone (322) failed to 
form cycloadducts with a variety of quinones (scheme 92). 
~ CH3 0 O 
322 
Scheme 91 
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starting 
materia l • WO OH~OH o=C)=o ~OMe c,6, • Q - I -.....::;: No react ion C5H5 A O toluene. A. 2 days ' CH3 O 
0 CH3 H / 322 ~O O . . trace c ~;, so 
?@) 323 o '-.... 're 
tar "" tar 
Reagents: (a) DDQ, N2, 12h, 6, c6H6 or xylene, N2, 12h, DDQ, 6 
Scheme 92 
Sulpholene (324) was considered as a synthetic equivalent of 
diene (194). Thermal extrusion of sulphur dioxide from this 
sulpholene (324) should afford 1 ,3-butadiene (325) which has several 
desirable properties. Trost 76 has reported that sulphur containing 
1,3-butadienes exhibit good regiochemical control in the Diels-Alder 
reaction, while the trimethylsilyl group was a latent hydroxyl 
group 77 that could be transformed (scheme 93) towards the end of the 
synthesis. 
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Sche me 93 
Sulpholene (331) can be readily prepared from sulpholene (330) 78 . 
The feasibility of proton abstraction from sulpholene (331) followed 
by quenching with trimethylsilyl chloride was investigated as a route 
to sulpholene (324) ( sch eme 94 ) 
@s @s 
Cso2 ,.a V o ? 'Qo2 2. b 2 
s, e3 
330 331 324 
Reagents: (a) PhSH, NCS; ( b) NEt3. 
Sc he me 94 
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As a model study, sulpholene (330) was treated with strong 
base and quenched with trimethylsilyl chloride (scheme 95), but 
sulpholene (332) was not produced. Recently 
Crumbie and Ridley 79 (scheme 96) reported 
similar results. Although no reaction 
occurred in THF, when sulphclene (330) 332 
was treated with sodium hydride in DMSO, followed by quenching with 
methyl iodide, a mixture of butadienes (333) and (334) were obtained. 
At this stage the last proposal seemed unreasonable. 
1. a 2. b or 
1. C 2. b 
No reactron Reagents: ( a ) L DA , TH F ; 
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(b) TMSCl; (c) n-Buli, THF. 
Scheme 95 
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Reagents: (a) i) Buli,THF; ii) RX; (b) i) LDA,THF; ii) RX; 
(c) i) NaH,DMSO; ii) Mel. 
Scheme 96 
2.4.2.iii Conclusion 
The preparation of a fully functionalised AB synthon by the 
synthetic strategy depicted in scheme Bl was frustrated by facile 
aromatisation of the A-ring. However it maybe expedient to replace 
Jo~ I 
diene (194) with diene (335)80 as Krohn81 has recently demonstrated 
that the resulting hydroxyl group (after 
hydrolysis) is less prone to elimination 
than the methoxyl group. Such a 
modification might then allow the 
~OTHS 
R 
194. R=OMe 
335. R=OTMS 
completion of an AB synthon based on the synthetic strategy in 
scheme 81. 
2.5 EXPERIMENTAL 
General procedures 
All melting points were determined on a Reichert hot-stage 
microscope and are uncorrected while boiling points were measured 
external to the distillation pot in a BOchi Kugelrohr apparatus . 
Microanalyses were performed by the Australian National University 
Microanalytical Service. Ultraviolet spectra of solutions in 
methano l (unless otherwise stated) were recorded with an Unicam 
SP800 spectrophotometer using matched 5 or 10 mm silica cells. 
Infra red spectra were obtained on either a Perkin-Elmer 283 or 
Unicam SP 200G spectrometer as Nujol mulls between two sodium 
chloride discs. 
1H-n.m.r. spectra were recorded in CDC1 3 (unless otherwise 
stated) on either a Varian CFT-20 (79.54 MHz, Fourier mode), Jeol 
JNM-MH-100 (100 MHz, Continous wave mode) or Varian EM360A (60 MHz, 
Continuous wave mode) n.m.r. spectrometer. 13 C-n .m.r. spectra were 
recorded on either a Jeol JNM-FX-60 (15.04 MHz , Fourier mode) or 
Varian CFT-20 (20 MHz, Fourier mode) n.m.r. spectrometer. The 
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chemical shifts are expressed in parts per million downfield from 
tetramethylsilane, which is used as an internal standard. Coupling 
constants(J) are given in hertz with multiplicity patterns designated 
as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet) 
and br (broad). Low resolution mass spectra were recorded on a 
Varian MAT CH? or an A.E.I. MS902 mass spectrometer. The l atter 
instrument was used for high resolution mass measurements . 
Preparative thin-layer chromatography was performed on either 
20 x 100 cm glass plates using 1 mm layers of silica gel (Merck HF 254 ) 
as adsorbent or 20 x 20 cm Merck precoated silica (60 F254 ) plates . 
Column chromatography was performed on either Spence Type H activated 
alumina or May and Baker chromatography silica gel. H.P.L.C. was 
performed on a Waters Associates Model 500 liquid chromatograph 
using PrePAK cartridges and refractive index dectector. Unless 
otherwise stated, all organic extracts were dried over anhydrous 
sodium sulphate and solvents were removed in vacuo (ca. 20 mm Hg ). 
2,5-Diacetoxy-2,5-dihydrofuran (51) 
Prepared by a modified procedure 
of Clauson-Kaus and associates 20 . 
Anhydrous potassium acetate (205 g, 2.09 mol) in a mixture of 
acetic anhydride (600 ml) and acetic acid (400 ml) was heated until 
the potassium acetate dissolved and then cooled with stirring to 
about -17° (cc1 4;co2). Bromine (160 g, 51 .9 ml, 2 mol) was added 
and the solution allowed to become homogenous. Furan (80 ml, 1 .10 mol) 
was added (6-7 s). The mixture was allowed to stand till perfectly 
white, cooled in an ice-water bath for 30 min, heated to 80° for 
10 min., cooled to room temperature and filtered to remove potassium 
bromide. The salt was washed with a 10% solution of acetic anhydride 
in acetic acid and combined with the filtrate. The filtrate was 
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evaporated (water bath 70°) under a reduced pressure (10-15 mm Hg) 
and the residue washed with saturated sodium bicarbonate and 
extracted with dichloromethane. The extract was dried and freed 
of solvent to afford 2,5-diacetoxy-2,5-dihydrofuran which was used 
without further purification. 1 H-n.m.r. o 2.13, s, 6H, -OAc; 6.33, 
s, 2H, olefinic; 6.86, and 7.08, twos, 2H, two isomers. 
2-Acetoxyfuran (52) 
Prepared according to the method 
of Cava and associates 21 , b.p. 57°/10 mm 
(lit. 21 b.p. 55-58°/10 mm) . 1H-n.m .r. o 2.27, 
~ 
I.!_ 0))-_0Ac 
s, -OAc; 5.90, m, lH, H3; 6.38, m, lH, H4; 7.10, m, lH, HS. 
l-Acetoxy-1 ,4-dihydro-l ,4-epoxynaphthalene (53) 
Prepared by a modified method of 
Marsden 19. 
A stirred solution of 2-acetoxyfuran 
OAc 
ob 
(15.9 g, 126.6 m m? l) and iso ~entyl nitrite (20 r.11, 151.9 m mol) in 
dioxane (40 ml) at 60° was treated with a solution of anthranilic 
acid (20.8 g, 151.9 m mol) in dioxane (140 ml) at such a rate as 
to maintain vigorous nitrogen evolution and a temperature not 
exceeding 70° (the exothermic reaction necessitates the removal 
of the initial heat source). 
After the completion of the addition, the mixture was allowed 
to stand for 0.5h, diluted with sat. sodium bicarbonate solution 
and extracted with ether. The extract was dried and freed of solvent 
to afford an oil which was further purified by h.p.l .c. (silica, 
148 
10% ethyl acetate-hexane) or Kugelrohr distillation (b.p. 130°/0.3 mm). 
. , ... ' 
1
H-n.m.r. o 2.21, s, 3H, -C02CH3; 5.60, s, lH, H4; 6.70-7.30, m, 
6H, aromatic and olefinic. Mass spectrum m/z 202 (M+, 15%), 
161 ( l 2) , 160 ( 80) , 159 ( 60) , 142 ( 6) ' 134 ( 19) , 133 (22), 132 (28) 
131 (44), 116 ( 21 ) , 115 (34), 114 ( 7) ' 104 ( 24) , l 03 ( l O) , l 02 ( 16), 
101(18), 89 (7), 78 (5), 77 (27), 76 (10), 75 (5), 63 (10), 51 (3) 
50(7), 43 (100), all other peaks less than 5%. 
4-Acetoxy-l-hydroxynaphthalene (57) 
l-acetoxy-1 ,4-dihydro-1 ,4-epoxynaphthalene (53) 
quantitatively rearranges in commercial chloroform to ~ 
OH 
149 
4-acetoxy-1-hydroxynaphthalene (57). 1H-n.m.r. o 2.44, s, 3H, -OAc; 
6.20, br, lH, -OH; 6.46, d, J 8.5 Hz, lH, aromatic; 7.00, d, J 8.5 Hz, 
lH, aromatic; 7.4-8.0, m, 3H, aromatic; 8.1-8.33, m, lH, aromatic. 
Mass spectrum m/z: 202 (M+, 13%), (Found: M+ 202.0629. c
12
H
10
o
3 
requires 202.0630), 161 (12), 160 (100), 132 (10), 131 (1 S), 115 (11), 
114 (5), 113 (9), 77 (13), 76 (5), 51 (5), 43 (14), all other peaks 
than 5%. 
l-Acetoxy-1 ,4-dihjdro-5-methoxy-l,4-epoxynaphthalene (47) and 
l-acetoxy-1 ,4-dihydro-8-methoxy- l ,4-epoxynaphthal ene ( 56) 
A regioisomeric mixture was prepared by 
the method of Marsden 19 . The two regioisomers 
were separated by preparative h.p.l.c. (silica, 
10% ethyl acetate-hexane). The more mobile 
isomer; l-acetoxy-l,4-dihydro-5-methoxy-
l ,4-epoxynaphthalene (47) was a pale yellow oil after Kugelrohr 
distillation, b. p. 145°/0.02 mm Hg (Found: C, 66.9; H, 5.5. 
c13H12o4 requires C, 67.2; H, 5.2.% ). U.v. "max(£) 291 (1449), 
285 (1575), 223 (3699) nm. I.r. vmax (liquid film) 3095w, 3020w, 
2940w, 2840w, 1755s, 1610m, 1480s, 1442w, 1372m, 1292s, 1268s, 
1240s, 1205s, 1160m, 1147m, 1980m, 1035s, 990s, 957m, 908w, 887m, 
862m, 796w, 777m, 740w, 723w, 712w, 678w cm- 1 • 1H-n.m.r. o 2.28, 
56 
' ,, .. ' 
------ ~--
150 ,., ' 
s, 3H, -OAc; 3.80, s, 3H, -OCH 3; 5.89, s , lH, H4; 6.60, dd, J 6.9 Hz, 2.2 Hz, 
lH, aromatic; 6.87-7.06, m, 4H, aromatic, H2, H3 . Mass spectrum m/z 
+ + 233 (5%), 232 (M·, 28), (Found: M· 232.07395. c13H12o4 requires 
232.07355), 216 (6), 191 (13), 190 (100), 189 (13), 175 (30), 174 (24), 
173 (5), 172 (5), 164 (13), 163 (9), 162 (24), 161 (30), 160 (9), 
159 (9), 149 (5), 147 (11), 146 (5), 145 (9), 144 (5), 135 (7), 
131 (15), 119 (5), 118 (6), 115 (15), 103 (7), 102 (7), 77 (7), 
76 (5), 75 (5), 43 (100), all other peaks less than 5%. 
l-Acetoxy-1 ,4-dihydro-8-methoxy-l ,4-epoxynaphthalene (56) was 
0 a pale yellow oil after Kugelrohr distillation, b.p. 150 /0.02 mm Hg, 
(Found: C, 67.l; H, 5.3. c13H12o4 requires C, 67.2; H, 5.2%). 
U.v. >. max (E) 291 (1331), 285 (1388), 240 inf. (850), 223 (4134) nm. 
I.r. vmax (liquid film) 3100w, 3010w, 2940w, 2840w, 1762s, 1614s, 
1604s, 1480s, 440m, 1370m, 1294s, 1266s, 1208s, 1124m, 1082m, 1034s, 
1010m, 987s, 960s, 921m, 880m, 815w, 794m, 784m, 739m, 721m, 677w cm- 1 • 
1 H-n.m.r. o 2.25, s, 3H, -OAc; 3.78, s, 3H, -OCH3; 5.63, s, lH, H4; 
6.60, dd, J 7.6 Hz, 1.5 Hz, lH, aromatic; 6.88-7.09, m, 4H, H2, H3, 
aromatic. Mass spectrum m/z: 233 (5%), 232 (M+, 27), (Found: M+ 
232.0731. c13H12o4 requires 232.0736), 216 (5), 192 (13), 191 (100), 
190 (10),189 (5), 177 (5), 176 (36), 175 (24), 174 ( 7)' 173 ( 35), 
165 (27), 164 (6), 163 (5), 162 ( l 5) , 160 ( 8) ' 150 ( 7)' 148 ( 12), 
147 ( 7)' 146 ( 14) , 136 (6), 132 ( 13), 131 ( 6) ' 117 (5), 115 (18), 
104 (8), 103 (8), 85 (5), 83 (7), 77 (8), 76 (6), 43 (62), all other 
peaks less than 5%. 
l-Acetoxy-4-hydroxy-8-methoxynaphthalene (58) 
l-Acetoxy-l,4-dihydro-8-metho~y-l,4-epoxynaphthalene 
quantitatively rearranged during storage (cold room) to 
afford the naphthalene (58) which crystallised from 
chloroform as chunky colourless crystals, m.p. 291° (Found: C, 67.0; 
H, 5.2. c13H12o4 requires C, 67.2; H, 5.2%). U.v. Amax ( E) 335 
(7433), 320 (7557), 301 (8548), 290 inf. (6689) nm. I.r. vmax 
3440s, 1740s, 1603w, 1518m, 1268s, 1238s, 1133m, 1093m, 1052s, 
1025s, 1003m, 930w, 908w, 886w, 845m, 805w, 772w, 767m, 742m cm- 1 • 
1 H-n.m.r. cS 2.35, s, 3H, -OAc; 3.90, s, 3H, -OMe; 4.63, br, -OH; 
6.55-6.88, m, 3H, aromatic; 7.38, d, J 7.8 Hz, lH, aromatic; 7.71, 
d, J 8.4 Hz, lH, aromatic. Mass spectrum m/z: 233 (5%), 232 (M+, 
25), (Found: M+ 232.0735. c13H12o4 requires 232.0736), 191 (15), 
190 (100), 189 (9), 176 (8), 175 (45), 147 (12), 103 (47), all other 
peaks less than 5%. 
endo-9-Acetoxy-4a,9,9a,10-tetrahydro-4,4-di methoxy-9,10-epoxy-
anthracene-l-one (86) 
l-Acetoxy-1 ,4-dihydro-l ,4-epoxynaphthalene 
(452 mg, 2.24 m mol) and 4,4-dimethoxycyclohexa-
2,5-dien-l-one (359 mg, 2.33 m mol) were stirred 
together in chloroform (10 ml). 3,6-Di(2' -pyridyl)-s-tetrazine 
151 
(631 mg, 2.67 m mol) was added and the mixture warmed at 70° for lh. 
The solution was cooled, washed with 5% hydrochloric acid solution, 
dried and evaporated to afford a yellow oil which upon trituration 
with methanol crystallised as a white solid. Recrystallisation from 
methanol gave adduct (86) (282 mg, 38%) as colourless needles, m.p. 
137-139° (Found: C, 65.3; H, 5.5. c18H18o6 requires C 65.4; H, 5.5%). 
U.V. Amax ( E) 223 (3978), 260 inf. (868) nm. I.r. vmax 1783s, 1680s, 
1353m, 1300m, 1274w, 1244m, 1194s, 1152s, 1140s, 1115s, 1095m, 1064m, 
1042s, 1000m, 991m, 966s, 946m, 935m, 877w, 851w, 795w, 764w cm- 1 . 
1 H-n.m.r. cS 2.29, s, 3H, -OAc; 3.09, s, 3H, -OCH3; 3.47, s, 3H, -OCH 3; 
3.65, m, 2H, H4a, H9a; 5.08, d, J 105 Hz, lH, H2; 5.39, dd, J 3.8 Hz, 
1.1 Hz, lH, HlO; 5.76, dd, J 10.5 Hz, 1.2 Hz, lH, H3; 6.90-7.40, m, 4H, 
, ... ' 
-- --- -----
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aromatic. 1H-n.m.r. o (d 6 -benzene) 1.72 , s, 3H, -OAc ; 2.64, s, 3H, 
-OCH 3; 2.89, s, 3H, -OCH3; 3.48, ddd, J 9.5, 4. 6, 1.5 Hz, lH, H4a; 
4. 19, d, J 9. 5 Hz, 1 H, H9a; 5. 03, d, J 10. 5 Hz, 1 H, H2; 5. 1 O, d, 
J 4.6 Hz, lH, HlO; 5.38, dd, J 10.5 Hz, 1.5 Hz, lH, H3; 6.76-7.08, 
m, 4H, aromatic. Mass spectrum m/z 330 (Mt, 11 %). (Found: Mt 
330.1102. c18H18o6 requires 330.1103), 284 (7), 283 (37), 282 (7), 
277 (5). 276 (7), 275 (12), 242 (6), 241 (9), 211 (7), 197 (9), 
176 (6), 151 (8). 150 (75). 135 (7), 134 (62), 133 (100), 128 (5), 
124 (28). 123 (16). 115 (5). 113 (5), 108 (6). 105 (20). 77 (14). 
all other peaks less than 10%. 
9-Hydroxy-1 ,4-anthraquinone (90) 
Method A 
endo-9-Acetoxy-4a,9,9a,10-tetrahydro-4,4 
-dimethoxy-9,10-epoxyanthracene-1-one (187 mg , ~ 0 
0.57 m mol) was refluxed in a mixture of acetone/5% hydrochloric 
acid (1 :1) for lh. The suspension was cooled, diluted with water and 
the bright red precipitate (88 mg, 69%) removed by filtration. 
Crystallisation from chloroform-petroleum afforded qui none (90) as 
. 0 . 82 0 ) bright red crystals, m.p. ca. 200 dee. (lit. m.p. ca . 200 dee .. 
1 H-n.m.r. o 7.01, s, 2H, H2, H3; 7.65-7.77, m, 4H, aromatic; 7.91-8.44, 
m, lH, aromatic; 13.79, s, lH, -OH. Mass spectrum m/z 225 (17%), 224 
(M\ 100). 223 (17), 205 (6), 196 (11), 168 (15), 150 (9), 149 (75). 
142 (11), 140 (8), 139 (15), 134 (8), 133 (19). 114 (12). 113 (8). 
105 (5). 76 (6). 63 (5), 57 (5), 43 (9), 41 (7), all other peaks less 
than 5%. 
Method B 
4,4a ,9,10-Tetrahydro-1 ,10-dihydroxy-4, 4-di methoxyan th rac ene-
9-one (21 mg, 0.07 m mol) was stirred in 5% hydrochloric acid/methanol 
(5:1, 6 ml) whereupon a bright red solid precipitated. Dilution 
with water and filtration afforded the qui none (90) (14 mg, 85%), 
0 m.p. ca. 200 dee. 
1
,'\-Di~e(.k> \Sobe~~o~-l " 
~3-(6' ,6' -dimethoxycyclohexa-4-ene-3-one) 2 O)(aiAEleAe l 9Ae (96j 
9-Acetoxy-4a,9,9a,10-tetrahydro-4,4-di methoxy-
9,10-epoxyanthracene-1-one (31 mg, 0.09 m mol) dissolved 
in benzene (0.3 ml) was treated with DBN (3 drops) for 
10 min. The solution was diluted with benzene, washed 
153 , .. ' 
with dilute hydrochloric acid (5%), dried and freed of solvent. The 
residue was chromatographed on alumina using chloroform-petroleum as 
eluant to afford the phthalide (97) (11 mg, 39%) as colourless crystals, 
0 
m.p. 111-113 (Found: C, 66.3; H, 5.7. c16H16o5 requires C, 66.6; 
H, 5.6%). 1 H-n.m.r. o 2.29, d, J 7.0 Hz, 2H, H2'; 3.1 8, obscured 
dt, J 7.0 Hz, 3.0 Hz, lH, Hl'; 3.42, s, 3H, -OCH3; 3.50, s, 3H_, -OCH 3; 
5.85, d, J 3.0 Hz, lH, H3; 6.11, d, J 10.5 Hz, lH, H4 ' or H5': 6.95, 
d, J 10.5 Hz, lH, H4' or H5'; 7.64-7.46, m, 3H, aromatic; 7.94-7.83, 
+ + 
m, lH, aromatic. Mass spectrum m/z: 288 (M·, 0.8%), (Found: M· 
288.10245. c16H16o5 requires 288.10236), 260 (9), 257 (5), 256 (7), 
214 (5), 155 (14), 134 (11), 133 (100), 128 (41), 127 (96), 124 (6), 
115 (6), 114 (8), 113 (9), 105 (18), 104 (5), 99 (12), 96 (7), 95 (5), 
81 (7), 77 (25), 76 (7), 59 (15), 55 (21), 53 (12), 51 (14), 50 (15), 
41 (10), all other peaks less than 5%. 
4a,9,10-Trihydro-1 10-dihydroxy-4,4-dimethoxyanthracene-9-one (98) 
endo-9-Acetoxy-1 ,4-dihydro-1 ,4-epoxy-
naphthalene (31 mg, 0.10 m mol) dissolved in 
methanol (1 ml) was added to a solution of 
sodium (40 mg, 174 m mol) in methanol (5 ml) at 
-20° (cc1 4;co2) and allow to stir for 5 min. The solution was aci dified 
with dilute acetic acid and extracted with dichloromethane. The 
154 
extract was dried and freed of solvent to afford alcohol (98) (23 mg, 
85%) which crystallised from methanol as pale ye llow plates, m.p. 
121-122°. (Found: C, 66.5, H, 5.6. c16H16o5 requires C, 66.7; 
H, 5.6%). U.v. "max (E) 238 (9264), 262 inflex. (8621), 310 (3210), 
377 (11373) nm. I.r. vmax 3513m, 1613s, 1563s, 1346w, 1320w, 1268w , 
1217m, 1196w, 1146m, 1116s, 1080m, 1060s, 1030s, 983m , 943m, 831m, 
829w , 783s, 745m, 720m, 700w cm- 1 • 1 H-n.m.r . o '\, 3.35, d, obscured, 
lH, H4a; 3.43, s, lH, -OCH 3; 3.45, s, lH, -OCH 3; 4.01, s, lH, -OH; 
5.48, d, J 11.3 Hz, lH, HlO; 6.45, d, J 10.5 Hz, lH, H2 or H3; 6 . 70, 
d, J 10.5 Hz, lH, H2 or H3; 7.24-8.13, m, 4H, aromatic; 15.70, s, lH, 
enolic-OH. 1H-n.m.r. (C 6D6) o 2.78, s, 3H, -OCH 3; 2.94, s, 3H, -OCH 3; 
3.01, d, obscured, lH, H4a; 5.57, d, J - 12.6 Hz, lH, Hl O; 5.73, d, 
J 10.5 Hz, lH, H2 or H3; 6.04, d, J 10.5, lH, H2 or H3; 7.04-7.37, m, 
obscured by solvent residue, aromatic; 8.00-8. 15, m, 2H, aromatic; 
+ . 16.41, s, lH, enolic -OH. Mass spectrum m/z: 288 (M·, 20%), (Found: 
Mt 288.10047. c16H16o5 requires 288.09976), 263 (5), 262 (20), 
242 (7), 240 (9), 228 (20), 227 (8), 214 (7), 212 (11), 198 (10, 
168 (6), 155 (5), 154 (15), 139 (15), 133 (19), 128 (100),127 (8), 
124 (13), 123 (100), 115 (5), 113 (15), 110 (10), 109 (6), 105 (21), 
102 (6), 101 (55), 99 (5), 95 (33), 88 (7), 86 (40), 85 (8), 84 (59), 
81 (5), 80 (7), 79 (6), 77 (17), 76 (5), 69 (6), 65 (9), 64 (6), 
63 (7), 59 (9), 57 (5) 55 (15), 54 (11), 53 (11), 52 (12), 51 (14), 
50 (5), 49 (12), 47 (17), 45 (8), 43 (10), 41 (20), all other peaks 
less than 5%. 
2-(2'-hydroxy-5'-methoxybenzene-l' -one) benzaldehyde (101) 
Method A 
4a,9,10-Trihydro-l,10-dihydroxy-
4,4-dimethoxyanthracene-9-one (19 mg, ~ 0 OCH3 
0.07 m mol) dissolved in benzene (0.3 ml) was treated with two drops 
''"'. 
of DBN and allowed to stand for 3 days. The solution was diluted 
with chloroform, washed with 5% hydrochloric ac id solution, dried 
and freed of solvent. The residue was chromatographed on a short 
column of flurosil using chloroform as eluant to afford impure 
aldehyde (101) (11 mg, 61 %) which was a pale yellow oil after 
Kugelrohr distillation, b.p. 250°/0.05 mm Hg . 1H-n.m.r. o 3.60, 
s, 3H, -OCH 3; 6.59, d, J 2.5 Hz, lH, aromatic; 7.12-6.95, m, 3H, 
aromatic; 7.72-7.42, m, 3H, aromatic; 8.09 -7.98, m, lH, aromatic; 
10.01, s, lH, aldehyde; 11.54, s, lH, -OH. Mass spectrum m/z 
257 (8%), 256 (M+, 42), (Found: M+ 256.0736. c15H12o4 requires 
256.0736), 255 (6), 240 (6), 239 (20), 227 (15), 225 (14), 224 (10), 
212 (7), 211 (31), 210 (9), 197 (12), 168 (7), 167 (5), 162 (10), 
151 (10), 150 (77), 149 (22), 139 (6), 133 (10), 105 (12), 104 (7), 
155 
86 (11), 84 (18), 77 (13), 51 (6), 47 (100), 45 (7), 43 (55), 41 (12), 
all other peaks less than 5%. 
Method B 
endo-9-Acetoxy-4a, 9,9a,l0-tetrahydro-4,4-di methoxy-9,10-
epoxyanthracene-l-one (53 mg, 0.15 m mol) dissolved in methanol was 
added to a solution of sodium (10 mg) in methanol (5 ml) at -20°, 
After 5 min., the solution was acidified with dilute acetic acid and 
extracted with dichloromethane. The dried extract was added to a 
solution of potassium permanganate (17 mg, 0.11 m mo l) and tetra-
n-butyl arrunonium chloride (48 mg, 0.17 m mol) in dichloromethane 
(l ml). The purple colour of permanganate was discharged within 
5 min., whereupon the solution was poured into 5% hydrochloric acid 
solution, diluted with dichloromethane, separated and the organic 
phase dried and freed of solvent. The residue was chromatographed 
(Si02, CH 2c1 2) to afford quinizarin (4 mg, 10%) followed by aldehyde 
(101) (8 mg, 19%), a pale yellow oil. 
l•llt t 
Quinizarin menomethyl ether (92) 
3,5-Dimethylpyrazole (85 mg, 0.88 m mol) 
was added to a suspension of chromium trioxide 
(84 mg, 0.84 m mo l) in dichloromethane (1 ml) and the mixture stirred 
under an atmosphere of nitrogen for 15 min. To the resulting dark 
red solution was added 4a,9,10-trihydro-l ,10-dihydroxy-4,4-
dimethoxyanthracene-9-one (49 mg, 0.17 m mol) dissolved in 
dichloromethane (1 ml). The solution was refluxed for Sh, cooled 
156 
and chromatographed on a column of silica to afford quinone ether (92) 
(32 mg, 76%) as a orange solid, m.p . 160-163° from methanol (lit. 83 m.p. 
167-168°) (1 it . 19 m.p. 173-174° from ether), which was identical by 
1 H-n .m. r .· spectroscopy to an authentic samp 1 e. 
l-Chloro-3-methoxybenzene (70) 
Method A 
3-Chlorophenol (25 g, 0.19 mol) dissolved 
in potassium hydroxide solution (lN, 200 ml) 
was treated with dimethylsulphate (25 g, 19 ml 
0.20 mol) dropwise. The solution was then warned on a boiling water-
bath for 30 min., cooled and extracted with chloroform. The extracts 
were dried and freed of solvent. The residue was chromatographed 
on a colume of alumina using dichloromethane-petroleum (1 :2) as 
eluant to afford l-chloro-3-methoxybenzene (21 .7g, 79%) which was 
used without further purification. 
Method B 
84 
Prepared by the method of Marcuccio. m-Chlorophenol (35.5 g, 
0.28 mol), anhydrous potassium carbonate (113 g, 0.82 mol) and 
dimethyl sulphate (34.1 g, 20 ml, 0.27 mol) were refluxed with stirring 
in acetone (500 ml) for 24h. Water (200 ml) was added and the mixture 
1,_,. I 
I ,. 
refluxed a further 30 min . The mixture was extracted with 
dichlorometha ne, dried and freed of solvent to afford l-chloro-
3-methoxybenzene (32.4 g, 82%) which was used without further 
purification. 1H-n.m.r. 6 3.70, s, -OCH 3; 6.88, m, aromatic. 
8-Methoxy-l-methyl -l ,4-dihydro-l ,4-epoxynaphthalene (81) and 
5-methoxy-l-methyl -l ,4-dihydro-l ,4-epoxynaphthalene (82) 
m-Chloroanisole (15.8 g, 111.3 m mol) CH 
3 
2-methylfuran (25 ml) and sodamide (10 g, ~
256.4 m mol) in anhydrous tetrahydrofuran ~ 
CH30 (50 ml) were stirred together under an 82 81 
157 , .• ' 
atmosphere of nitrogen overnight. The solution was diluted with 
ether, washed with water, dried and evaporated. The residue was 
chromatographed on alumina using petroleum as eluant to afford a 
mixture of the two regioisomers (81) and (82) (5.88 g, 28%) in the 
ratio - 2:1. Recrystallisation from petroleum preferentially afford 
8-methoxy-l-methyl-1,4-dihydro-l ,4-epoxynaphthalene (81) as colourless 
o ( . 19 0) needles, m.p. 78-80 lit. m.p. 81-82 . 1 H-n.m.r. 6 2.06, s, 
-CH3; 3.83, s, -OCH3; 5.60, m, H4; 6.53-7.30, m, 5H, H2, H3, 
aromatic. 
l-Hydroxy-5-methoxy-4-methyl-naphthalene (110 ) 
8-Methoxy-l-methyl-l ,4-dihydro-
l ,4-epoxynaphthalene on standing oYernight 
in chloroform quantitatively isomerised to 
naphthalene (110), which crystallised from chloroform as colourless 
needles, 0 m. p. 138-139 . (Found: C, 76.3; H, 6.6 c12H12o2 _requires 
C, 76.6; H, 6.4%). U.v. (CH3CN) >-max ( E) 290 inf. (6755), 302 (8408) 
306 inf. ( 7976) , 322 ( 7330) , 336. 5 (7976) nm. I.r. v 3240br, max 
1826w, 1609s, 1522m, 1270s, 1253m, 1227m, 1198w, 1185m, 1155w, 
158 
1145w, 1106w, 1059s, 1038s , 970w, 894w, 870w, 820s, 802s , 780w , 
750s cm- 1 • 1 H-n .m. r . 6 2.78, brs, -CH3; 3.88, s, -OCH 3; 7.43-6 .60, 
m, SH , aromatic; 7.75, dd, J 8.4, 1.3 Hz, lH, aromatic. Mass 
+ + spectrum m/z 189 (14%), 188 (M·, 100) (Found: M· 188 .0848 . c
12
H
12
o
2 
requires 188.0837), 187 (6), 174 (9), 173 (64), 145 (14), 133 (11), 
132 (14), 117 (8), 116 (6), 115 (19), 91 (6), all other peaks less 
than 5%. 
l-Acetoxy-9,10-dihydro-4-methoxy-9-methyl-9,10-epoxyanthracene (106) 
4a, 9,9a,10-Tetrahydro-4,4-dimethoxy-
9-methyl-9,10-epoxyanthracene (184 mg, 0 .62 m mol) 
and anhydrous sodium acetate (653 mg, 7.96 m mol) 
were refluxed together in acetic anhydride (5 ml) 
~' 
Me OAc 
under an atmosphere of nitrogen for 3h. The solution was cooled, 
diluted with chloroform, washed with sat . sodium bicarbonate solution, 
dried and freed of solvent to afford acetate (106) (173 mg, 91 %) which 
crystallised from ethanol as colourless crystals, m.p. 149.5°-150° . 
(Found: C, 72.8; H, 5.5 c18H16o4 requires C, 73.0; H, 5.4%). U.v. 
(CH 3CN) 11 (E:) 264 (2393), 270 (3127), 288 (1327), 294 (1516) nm. max 
I . r. v 1800s, 1398s, 1298w, 1272s, 1220s, 1180m, 1141w, 1092w, max 
(CH3CN) Amax 1800s, 1398s, 1298w, 1272s, 1220s, 1180m, 1141w, 1092w, 
1044m, 940m, 898m, 863w, 842w, 815m, 788w, 721m, 786w cm- 1 • 1H-n.m.r. 
6 2.06, s, CH3; 2.28, s, CH 3; 3.74, s, -OCH3; 6.14, s, HlO; 6.49, d, 
J 9.0 Hz, lH, aromatic; 6.63, d, J 9.0 Hz, lH, aromatic; 6.80-7.10, 
m, 2H, aromatic; 7. 14-7.40, m, 2H, aromatic. Mass spectrum m/z 297 
(15%), 296 (Mt, 79) (Found : Mt 296.1043. c18H16o4 requires 296. 1048), 
255 (19), 254 (100), 253 (12), 241 (9), 240 (41), 239 (7), 238 (12), 
237 (8), 236 (7), 226 (6), 225 (16), 224 (15), 223 (10), 212 (21), 
211 (98), 195 (6), 182 (6), 181 (9), 168 (7), 165 (9), 163 (8), 
153 (6), 152 (9), 140 (17), 139 (8), 127 (5), 43 (22), all other peaks 
less than 5%. 
' "'" I 
--. -I 
I 
[' , 
' 
1 ,ll-Diacetoxy-9,10-dihydro-4-methoxy-9-methylene-anthracene (108) 
4a, 9,9a,10-Tetrahydro-4,4-di me thoxy-
9-methyl-9,10-epoxyanthracene (119 mg, 0.42 m mol) 
was coverted to 1-acetoxy-9,10-dihydro-4-methoxy -
9-methyl-9,10 epoxyanthracene which was dissolved 
in acetic anhydride (3 ml), cooled to -5° and treated with one 
drop of cold cone. sulphuric acid under an atmosphere of nitrogen. 
The solution was immediately diluted with chloroform and poured 
into sat. sodium bicarbonate solution. After the complete 
destruction of excess acetic anhydride the organic phase was 
separated, dried and freed of solvent to afford the olefin (108) 
(117 mg, 83%) which crystallised from methanol as pale yellow 
crystals, m.p. 164° (Found: C, 71 .0; H, 5.3. c20H18o5 requires 
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C, 71.0; H, 5.4%). U.v. >.max (E:) 241 (33275), 259 (63047), 364 (5312), 
367 (6188), 402 (4670) nm. I.r. v11ax 1756s, 1730s, 1632w, 1572w, 
1344w, 1643s, 1210s, 1182w, 1146w, 1100w, 1071w, 1147w, 1029m, 963w, 
900w, 883w, 823w, ·797w, 770w, 747w cm- 1 • 1 H-n.m.r. 8 2.08, s, 3H, 
-OAc; 2.38, s, 3H, -OAc; 4.08, s, 3H, -OCH3; 6.22, s, 2H, HlO; 
6.67, d, J 8.2 Hz, lH, aromatic; 7.09, d, J 8.2 Hz, lH, aromatic ; 
7.24-7.66, m, 2H, aromatic; 7.97-8.34, m, 2H, aromatic ; 9.00, s, lH, 
olefinic. Mass spectrum m/z: 339 (9%), 338 (Mt, 34), (Found: 
Mt 338.1157. c20H18o5 requires 338.1154), 296 (6), 282 (11), 280 (5) 
279 (11), 255 (9), 254 (38), 253 (16), 252 (7), 240 (6), 239 (19), 
238 (12), 237 (41), 236 (100), 225 (15), 224 (6), 223 (9), 222 (19), 
221 (95), 211 (8), 182 (8), 165 (17), 152 (6), 149 (14), 140 (35), 
139 (7), all other peaks less than 5%. 
/ •'t I 
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1 ,4 ,9, 9a, 10, 1 Oa-Hexahydro-9-methyl -1 , 2, 3 ,4- tetra pheny l-
9, 10- epo xyanthracene- l ,4-one ( 124) 
l ,4-Dihydro-1-methyl-1 ,4-epoxy naphthalene 
(208 mg, 1 .31 m mol) and tetraphenylcyclo-
pentadienone (496 mg, 1 .29 m mol) were refluxed 
Ph 
Ph 
together in benzene (20 ml) for 6h. The solution was cooled and 
chromatographed on silica using chloroform/petroleum (1 :2) as 
eluant to afford the adduct ( 124) (250 mg, 36%) which crystallised 
from methanol as colourless crystals, m.p. 169-171°. 1H-n.m.r. 
6 1.62, s, -CH3; 3.07, d, J 8.0 Hz, lH, H4a or H9a; 3.29, d, 
J 8.0 Hz, lH, H4a or H9a; 5.88, s, lH, HlO; 6.86-7.65, m, 24H, 
aromatic. Mass spectrum m/z: 542 (M\ 1%) (Found: MT 542.2195). 
c40H30o2 requires 542.2245), 384 (7), 383 (34), 382 (100), 381 (9), 
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367 (5), 366 (8), 341 (6) 339 (6), 305 (9), 304 (8), 303 (9), 302 (11), 
292 (5), 291 (5), 290 (11), 133 (10), 132 (96), 131 (7), 104 (10), 
103 (8), all other peaks less than 5%. 
~et1.~~t Me thyl 3,4-dihydro-5-methoxy-8- ~A, ~etRoxy-2-naphthalene 
carboxylate (19~ 
Crude material was purified by column 
chromatography on alumina using chloroform as 
eluant followed by crystallisation from 
methanol to afford colourless crystals, m.p. 75-76°. (Found: C, 
74.2; H, 6.2. c20H20o4 requires C, 74.l; H, 6.2%). U.v. -\iax (t) 
242 inf (6559), 300 (13715), 347 (6261) nm. I.r. vmax 1695s, 1632m, 
1598w, 1335m, 1329s, 1294s, 1964s, 1236s, 1197s, 1167m, 1106s, 1054m, 
-1 1027m, 1000w, 963m, 915w, 844w, 800m, 776w, 755m, 730m, 696 m cm . 
1 H-n.m.r. 6 7.96, t, J 1.4 Hz, lH, Hl; 7.46-7.28, m, 5H, aromatic; 
6.74, s, 2H, H6, H7; 5.06, s, 2H, PhCH 2; 3.79, s, 3H, -OCH3; 3.77, s, 3H, OCH3; 
3.25-2.39, m, 4H, H3, H4. Mass spectrum m/z: 324 (MT, 42%), 
J• !\ t 
+ (Found: M· 324.1363 . c20H20o4 requires 324 .1 3615), 293 (15), 
264 (14), 234 (15), 233 (100), 202 (9), 174 (21), 173 (21), 159 (11), 
l 50 ( 9) , 14 5 ( 6) , 131 ( 7) , 11 5 ( 7) , l 03 ( 7) , 9 2 ( l O) , 91 ( l 00) , 
77 (7), 65 (10) 59 (8), all other peaks less than 5%. 
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Methyl 3,4-dihydro-8-hydroxy-5-methoxy-2-naphthalenecarboxylate (139) 
Methyl 3,4-dihydro-5-methoxy-8-phenylmethoxy-
2-naphthalenecarboxylate (608 mg, l .88 m mol) dissolved 
in ethyl acetate (5 ml) was treated with hydrogen 
(42 ml, 1.88 m mol) using palladium on charcoal (10%, 
10 mg) as catalyst. Column chromatography afforded starting material 
(138) (166 mg, 27%) followed by phenol (139) (210 mg, 48%) which 
crystallised from chloroform-petroleum as fawn crystals, m.p. 159-
1600. (Found: C, 66.5, H, 6.1. c13H14o4 requires C, 66. 7; H, 6.0%). 
U.v. A (E) 246 (4470), 300 (13,873), 350 (5780) nm. I.r. vm~x 
max '"~ 
3350s, 1676s, 1601w, 1495s, 1440s, 1380m, 1353m, 1310s, 1369s, 1331s, 
1291m, 1108s, 1087m, lOOlw, 974m, 924w, 812m, 804m, 727m cm- 1 • 1 H-n.m .r. 
6 2.88-2.52, m,4H, aliphatic; 3.77, s, 3H, - OCH3; 3.80, s, 3H, -OCH3
; 
5.50, br, lH, -OH; 6.60, d, J 8.8 Hz, lH aromatic; 6.75, d, J 8.8 Hz, 
lH, aromatic; 7.91, t, J 1.4 Hz, lH, olefinic. Mass spectrum m/z: 
235 (5%), 234 (Mt, 100), (Found: Mt 234.08929. c13H14o4 requires 
234.08929), 233 (7), 219 (7), 203 (20), 202 (10), 187 (6), 176 (10), 
175 (60), 174 (24), 160 (22), 159 (21), 145 (5), 144 (9), 132 (8), 
131 (18), 115 (15), 105 (8), 103 (12), 102 (6), 93 (5), 91 (5), 
78 (5), 77 (16), 75 (5), 65 (7), 63 (12), 62 (6), 59 (31), 55 (5) 
51 (7), 45 (5), all other peaks less than 5%. 
l •"t. 
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Meth 1 1,2,3,4,-di h dro- 6-nydrox - 5-methox, - 2-na hthalenecarbox late (140 ) 
Methyl 3,4,-dihydro- 5-methoxy-
8-phenylmethoxy-2-naphthalenecarboxylate ~co
2cH3 
(501 mg, 1 .70 m mol) and 10% palladium on cH3o 
Charcoal (50 mg) were stirred together in ethyl acetate (2 ml) 
under an atmosphere of hydrogen overnight. The mixture was filtered 
through a small bed of florosil and evaporated to dryness to afford 
the phenol (140) (323 mg, 81%) which crystallised from methanol as 
fawn crystals, m.p. 119-120° (Found: C, 65.5; H, 6.9. c
13
H
16
o
4
-0.15 
CH30H required C, 65 . 5, H~ 6.9%). U.v. Amax(£) 231 (36 20), 289 
(3534) nm. I.r. vmax 3440s, 1699s, 1613w, 1492m, 1328m , 1300s, 
1264s, 1212m, 1086s, 1070m, l 040w, 1006w, 984w, 955w, 9001-1, 870w , 
830w, 792m, 728m cm- 1 • 1H-n.m.r. o 6.57, s, 2H, aromatic; 4.60, s, 
lH, -OH; 3.75, s, 3H, -OCH 3; 3.73, s, 3H -OCH3; 3.00-2.17, m, 7_H, 
+ Hl, H2, H3, H4. Mass spectrum m/z: 237 (13%), 236 (M·, 70), (Found: 
Mt 236. 10349. c13H16o4 requires 236.10354), 177 (30), 176 (100), 
175 (10), 161 (37), 145 (12), 133 (10), 115 (12), 113 (55), 110 (12), 
101 (19), 95 (25), all other peaks less than 10%. 
Methyl 3,4-dihydro-5,5-dimethoxy-8-oxo-2-naphthalenecarboxylate (125) 
To a solution of methyl 3,4-dihydro-8-
hydroxy-5-metho~y-2-naphthalenecarboxylate (14 mg, 
0.06 m mol) in anhydrous methanol (3 ml) cooled to 
-20° was added thallium trinitrate (26 mg, 0.07 m mol). 
The mixture was maintained at -20° for 5 min . , allowed to warm to 
room temperature, poured into saturated sodium bicarbonate solution 
and extracted with chloroform. The extract was washed with saturated 
brine, dried and freed of solvent to afford the ketal (125) (12 mg, 
l •'t I 
75,; )asapaleyellowoil. 1Hnmr 1: 255 4H 1· ht· 
- ... u • , s, , a 1p a 1c; 
3.26, s, 6H, -OCH3; 3.80, s, 3H, -OCH 3; 6.4 5, d, J 10.4 Hz , lH, 
H6 or H7; 6.82, d, J 10.4 Hz, lH, H6 or H7; 7.60, br, lH, Hl. 
Mass spectrum m/z: 265 (5%), 264 (Mt, 27), (Found: Mt 264.0996. 
c14H16o5 requires 264.0998), 249 (23), 236 (20), 235 (6), 234 (44) , 
233 (100), 232 (22), 231 (9), 223 (6), 221 (6) , 217 (12), 205 (16), 
203 (11), 202 (10), 201 (8), 184 (9), 182 (8), 176 (5), 175 (27), 
174 (40),173 (41), 161 (7), 160 (10), 159 (28), 158 (8), 157 (7), 
150 (8), 149 (86), 146 (8), 145 (21), 144 (5), 143 (5), 132 (5), 
131 (23), 130 (8), 129 (11-), 117 (5), 116 (6), 115 (17), 105 (16), 
104 (10), 103 (24), 102 (12), 101 (10), 93 (5), 91 (9), 78 (5), 
163 
77 (30), 76 (12), 75 (12), 74 (5), 65 (10), 63 (8), 59 (11), 57 (12), 
56 (7), 55 (10), 53 (6), 52 (5), 51 (19), 50 (9), 43 (25), 41 (15), 
all other peaks less than 5%. 
Methyl l ,2,3,4-tetrahydro-5,5-di methoxy-8-oxo-2- naphthalene~ 
carboxylate (141) 
To a solution of methyl 3,4-dihydro-
~""'~'-'\ 5-methoxy-8-pACRytmetRoxy-2-naphthalene-
carboxylate (36 mg, 0.15 m mol) in anhydrous 
methanol (5 ml) cooled to -20° was added 
0 Q:YC02Me 
MeO OMe 
thalHum trinitrate (62 mg, 0.016 m mol). The mixture was maintained 
at -20° for 5 min., allowed to warm to room temperature, poured into 
saturated sodium bicarbonate solution and extracted with chloroform. 
The extract was washed with saturated brine, dried and freed of 
solvent to afford the ketal (141) (32 mg, 79%) as a pale yellow 
oil after Kugelrohr distillation, b.p. 160°/0.05 mm. (Found: C, 
63.2; H, 6.7. c14H18o5 requires C, 63.2; H, 6.8%). U.v. Amax (E) 
/'"I 
I 
239 (3917), 275 (1786) nm. I . r. vmax (liquid film) 2950m, 2835w, 
1734s, 1674s, 1649s, 1625m, 1455m, 1438m, 1397w, 1364w, 1295m, 
164 
1264m, 1225m, 1195s, 117 2s, llOOs, 1064s, 965m, 828w cm- 1 • 1 H-n.m.r . 
o l.6-2.9, m, 6H, aliphatic; 3.17, s, 3H, -OCH
3
; 3.22, s, 3H, -OCH
3
; 
3.70, s, 3H, -OCH3 ; 6.41, d, J 10.2 Hz, lH, H6 or H7; 6.75, d, 
+ J 10.2 Hz, lH, H6 or H7. Mass spectrum m/z : (M ·, 16~~ ), (Found: 
Mt 266.11517. c14H18o5 requires 266.11517), 251 (12), 236 (6), 
235 (16), 234 (15), 207 (5), 191 (9), 177 (7), 176 (27), 175 (100), 
174 (9), 161 (9), 160 (10), all other peaks less than 5%. 
1 ,l ,4,4-Tetramethoxy-2-methyl-cyclohexa-2,5-diene (143) 
Prepared by the method of Swenton 48 . 
4,4 -Di me thoxy- 2- methyl - cyclohexa - 2,5-dien-l-one 
(45) and 4,4-di me thoxy -3-me thyl-cyclohexa-
2,5-dien-l -one (46). 
Prepared as a mixture by tre method 
of Swenton~8 Separation of the isomers 
Me~Me 
I I 
Me 
was achieved by preparative h.p. l.c. (silica, 
10% ethyl acetate/hexane). 
45 
Me£0Me Me 
I I 
MeO Me 
Me~Oe He 
I I 
46 
4,4-Dimethoxy-2-methyl-cyclohexa-2,5-dien-l-one (45): 1H-n.m.r. 
o 1.91, d, J 1.4 Hz, 3H, -CH3 ; 3.36, s, 6H, -OCH 3; 6.25, d, J 10.l Hz, 
H, H6; 6.59, m, lH, H3; 6.80, dd, J 10.2 Hz, 3.2 Hz, lH, HS. 
4,4-Dimethoxy-3-methyl-cyclohexa-2,5-dien-l-one (46): 1H-n.m.r. 
o 1.94, d, J 1.4 Hz, lH, -CH3 ; 3.24, s, 6H, -OCH 3; 6.21, m, lH, H2; 
6 . 38 , d d , J 1 0 . 2 Hz , 2 . l Hz , 1 H , H 6 ; 6 . 7 5 , d , J l O . 2 Hz , 1 H , H 5 . 
J '~ I 
I 
N-methyl-4-acetoxy-3a,4,9,9a-tetrahydro-8-methoxy-4,9-epoxy-1H-
benzo (t] isoinctole-l ,3-(2H)-dione (145 ) 
l-Acetoxy-1 ,4-dihydro-5-methoxy-
l ,4-epoxynaphthalene (44 mg, 0. 19 m mol) 
and N-methylmaleimide (22 mg, 0.20 m mol) 
dissolved in chloroform (0.3 ml) was 
165 
treated with 3,6-di(2'-pyridyl)-s- tetrazine (49 mg, 0 .21 m mol) 
at 60° for 0.5h. The solution was washed with 5% hydrochloric 
acid solution, dried and freed of solvent to afford an isomeric 
mixture of endo and exo adduct (145) (3:1) (40 mg, 65%) which 
crystallised from methanol as colourless crystals, m.p. 212-213° . 
1H-n.m.r. (major endo isomer) o 2.31, s, 6H, -CH 3; 3.84, s, 3H, 
-OCH3; 4. 01-3. 77, m, 2H, H3a, H9a; 5. 88, d, J 4 ,8 Hz, l H, H9; 
6.73-6.86, m, 2H, aromatic; 7.14-7.33, m, lH, aromatic. 1H-n.m.r. 
(major endo i somer) (c6o6) o 1.65, s, 3H, -CH3; 2.07, s, 3H, ~cH3; 
3.12-3.30, m, 2H, H3a, H9a; 3.25, s, 3H, -OCH3; 3.89, d, J 8.5 Hz, 
lH, H9; 5.67, d, . J 5.8 Hz, lH, aromatic; 6.22-6.33, m, lH, aromatic; 
6.84-6.93, m, lH, aromatic. Mass spectrum m/z: 317 (Mt, <1 %), 
(Found: Mt 317.0898. c16H15No6 requires 317.0899), 257 (5), 
206 (7), 165 (10), 164 (100), 163 (17), 112 (12), 87 (8), all other 
peaks less than 5%. 
endo-N- Me thyl-4-acetoxy-3a,4,9,9a-tetrahydro-5-methoxy-4 ,9 -epoxy-
1H-benzo[f] isoindole-l ,3-(2H)-dione (146) 
l-Acetoxy-l,4-dihydro-8-methoxy-l ,4-epoxy-
naphthalene (51 mg, 0.22 m mol) and N-methyl-
maleimide (27 mg, 0.24 m mol) dissovled in 
chloroform (0.3 ml) was treated with 3,6-di(2'-pyridyl)-s-tetrazine 
(57 mg, 0.24 m mol) at 60° for 0.5h. The solution was washed with 
5% hydrochloric acid solution, dried and freed of solvent to afford 
in essentially quantitative yield the adduct (146) which crystallised 
J f l\ I 
I • 
I 
166 
from methanol as colourless crystals, m.p. 197-198° (Found: 
C, 59.4; H, 4.9; N, 4.0. cl6Hl5N06·0.54 CH30H requires C, 59.4; 
H, 5.1; N, 4.2%). U.v. \ max (e:) 280 (1664), 273 (1604), 220 
(5942) nm. I.r. vmax 1770s, 1700s, 1612w, 1597m, 1486m, 1304s, 
1274s, 1242m, 1209s, 1150s, 1128s, 1086w, 1066w, 1026s, 1006w, 986m, 
969s, 943w, 877s, 809w, 776m, 729w, 705w cm- 1 • 1H-n.m.r. 8 2.30, 
s, 3H, -CH3; 2.32, s, 3H, -CH3; 2.45-3.89, obscured m, 2H, H3a, 
H9a; 3.80, s, 3H, -OCH 3; 5.65, d, J 5.2 H , lH, H9; 6.70-6.87, m, 
2H, aromatic; 7. 13-7.32, m, lH, aromatic. 1 H-n.m.r. 8 (d 6 -benzene) 
1.24, s, 3H, -CH 3: 1.45, s, 3H, -CH3; 2.48-2.79, m, 2H, H3a, H9a; 
2.66, s, 3H, -OCH ; 4.51, d, J 5.6 Hz, lH, H9; 5.63, d, J 8 .1 Hz, 
aromatic; 5.91-6.21, r.i, 2H, aromatic. + Mass spectrum m/z : 317 (M·, 2%), 
(Found: Mt 317.0895. c16H15No6 requires 317.0899), 275 (5), 206 (10), 
165 (11), 164 (100), 163 (15), 149 (7), 112 (7), 77 (8 ), 57 (7), 
55 (5), 43 (31), all other peaks less than 5%. 
Cl-me.~~""""' 
l ,4 ,9 ,9a , l O, lOa-Hexaydro~-1 ,4-di methyl-3 ,4-di phenyl-,, 
9,10- epoxya nt hracene-l,4-one (151) 
1-Carbomethoxy-l ,4-dihydro-1,4-
epoxynapithalene (l .72 g, 8.54 m mol) 
and l ,4-dimethyl-2 ,3-di phenyl-
cycl opentadienone (2.24 g, 8.63 m mol) were 
refluxed together in benzene (20 ml) overnight. Removal of benzene 
and recrystallisation from methanol afforded adduct (151) as 
colourless crystals, m.p. 171-172°. (Found: C, 80.5; H, 5.7. 
c31 H26o3 requires C, 80.5; H, 5.7%). U.v. ' max( £) 278 inf (7670), 
271 (8393), 265 (8152), 259 inf (7718), 238 (9069) n.m. I.r. vmax 
1770s, 1730s, 1343m, 1324m, 1286w, 1273w, 1238w, 1221w, 1200m, 
1197m, 1152w, 1104m, 1073m, 1043w, 969m, 953w, 809w, 801w, 780m, 
JI!\ I 
· I 
I 
773m, 754w, 737w, 725w, 700m, cm- 1 • 1 H-n.m.r. o 1.35, s, 3H, 
-CH3; l . 60, s, 3H, -CH3; 2. 33, d, J 8. 0 Hz, l H, H4a or H9a; 2. 65, 
d, J 8. 0 Hz, l H, H4a or H9a; 3. 34, s, 3H, -C02CH3; 5. 73, s, l H, 
HlO; 7.29-7.15, m, 14H, aromatic. Mass spectrum m/z: 462 (Mt, 
too small to measure high resolution mass), 259 (12), 258 (44), 
257 (7), 243 (18), 242 (7), 241 (7), 239 (5), 228 (8), 215 (5), 
1 77 ( 1 2) , 1 7 6 ( 1 00) , 16 5 ( 8) , 14 5 ( 1 5) , 118 ( 1 0), 11 5 ( 5) , 91 ( 5) , 
89 ( 10) , a 11 other peaks 1 ess than 10%. 
~-tf\L~)c..A1~0"-'-j\ 
4,4a,9,9a,10-Pentahydro-4,4-di methoxy-9,10-
epoxyanthracene-1-one (152) 
q- m~~0)"'1Cc:\.~0"'-"d I 
l,4-dimethyl-3,4-diph:;:;~;~~~~:~::::::~::::::~ ~ 
1,4-one (94 mg, 0.20 m mol) and 2,4-dimethoxy- ~OCH 
HOCH3 3 
cyclohexa-2,5-diene-l-one (146 mg, 0.95 m mol) 
were heated together in diglyme (1 ml) at 140° under an atmosphere 
of nitrogen for 20 min. The solution was cooled and freed of 
solvent on a high vacuum line. The residue was chromatographed 
on silica using 25:75 chloroform-petroleum spirit (40-70°) as 
eluant to afford add'uct (152) (72 mg, 108%) as a pale yellow oil 
Attempted Kugelrohr distillation (ca. 0.02 mm Hg) destroyed the 
sample. 1 H-n.m.r. o 3.14, s, 3H, -OCH3; 3.15-3.50, m, 2H, H4a, 
H9a; 3.55, s, 3H, -OCH 3; 4.07, s, 3H -OCH3; 5.26, d, J 10.4 Hz, 
lH, H3; 5.62, d, J 4.0 Hz, lH, HlO; 5.87, dd, J 10.2 Hz, 1.8 Hz, 
lH, H2; 7.2-7.7, m, 4H, aromatic. Mass spectrum m/z: 330 (M\ 
2%), (Found: Mt 330.1105. c18H18o6 requires 330 .1103), 298 (5), 
259 (5), 258 (19), 243 (6), 239 (7) 177 (12), 176 (100), 145 (15), 
118 (10), 89 (9), all other peaks less than 5%. 
167 ,., ' 
,, 
endo-ll-Adamantylidene- 2, 4a-dichl oro-4a,9,9a, 10-tetrahydro-9, 10-
methanoanthracene-l ,4-di one (179) 
9-Adamantylidene-l ,4-dihydro-
l ,4-methanonapthalene (316 mg, 1.15 m mol) 
3,6-di(2'-pyridyl)-s-tetrazine (256 mg, 
1.08 m mol) and 2,5-dichloro-l ,4-benzoquinone 
(197 mg, l. 12 m mol) were stirred together in chloroform (20 ml). 
After the red colour of s-tetrazine disappeared the mi xture was 
washed with hydrochloric acid (5%, 2 x 25 ml), water (25 ml), dr i ed 
and the solvent removed. 
endo-ll-Adamantylidene-2,4a-dichloro-4a,9,9a,10-tetrahydro-
9,l0-methanoanthracene-l ,4-dione (418 mg, 91 %) crystallised from 
acetic acid as colourless needles, m.p. 181.5-182.5°. (Found: 
C, 70.8; H, 5.2; Cl, 16.8. c25H22c1 2o2 requires C, 70.6; H, 5.2; 
Cl, 16.7%). U.v. " (E) 258 (1018) nm. I.r. "ma 1684s, 1593s, max x 
1352w, 1315m, 1295s, 1249s, 1222s, 1212m, 1178m, 1165w, llOOm, 
1065w, 1033m, 975m, 945m, 922w, 900m, 888w, 838w, 82&n, 818m, 
800m, 775w, 764m, 753w, 740w, 733m, 705w, 685w, 673w, 664w cm- 1 • 
1H-n.m.r. o 1.50-2.10, m, 12H, adamantane; 2.80, br, 2H, adamantane; 
3.72, d, J 4.3 Ha, H9a; 4.44, m, 2H, H9, HlO; 6.48, s, lH, H3; 
7.10, s, 4H, aromatic. + Mass spectrum m/ z: 424 (M·, 2%), 391 (6), 
390 (13), 389 (12), 388 (205), 249 (23), 248 (100), 191 (6), 
183 (5), 165 (5), 128 (5), 91 (6), 79 (6), all other peaks less 
than 5%. 
168 J I~ I 
~- Chloro-9,10-dihydro-9,10-epoxyanthracene-1,4-dione (180) 
Method A 
1 ,4-Dihydro-1 ,4-epoxynaphthalene 
(153 mg, 1.06 m mol), 3,6-di(2'-pyridyl)-
s-tetrazine (251 mg, 1.06 m mol) and 
2,5-dichloro-1,4-benzoquinone (199 mg, 1.12 m mol) were stirred in 
chloroform (20 ml) for 4h. The mixture was washed with hydrochloric 
acid (5%, 2 x 25 ml), water (25 ml), dried and the solvent removed. 
The residue was stirred with s-collidine (0.2 g) in benzene 
(10 ml) overnight. The mixture was washed with hydrochloric acid 
(5%, 2 x 20 ml), water (20 ml), dried and the solvent removed. The 
residue was separated by thin-layer chromatography to give the 
orange quinone (180) (45 mg, 16%), m. p. 60-63°. 1H-n.m.r. o 6.12, 
s, lH, HlO or H9; 6. 13, s, lH, HlO or H9; 6.77, s lH, H3; 7.01-7.17, 
m, 2H, aromatic; 7.26-7.47, m, 2H , aromatic. Mass spectrum m/ z: 
169 , ., · 
•I I, 
I' 
~ '. II ' 
262 (5%), 261 (5), 260 (20), 259 (10), 258 (M\ 32), (Found: Mt 258.0080. 
c14H70ll requires 258.0084), 245 (7), 244 (23), 243 (12), 242 (65), 
233 (6), 232 (29), 231 ( 18) , 230 (82), 229 ( 6) ' 225 (5), 224 (10), 
223 ( 43) , 
195 ( 11) ' 
151 ( 17) ' 
126 ( 17)' 
91 ( 9) ' 90 
76 ( 6) ' 75 
55 ( 5) ' 53 
Method B 
214 ( 8) ' 207 ( 25) , 204 ( 13) , 203 ( 6) ' 202 (27), 197 (8), 
181 ( 6) ' 179 ( 21)' 170 (7), 169 (8), 167 (15), 166 (6), 
150 (10), 149 (21), 142 (27), 140 (7), 139 (47), 138 (14), 
119 ( 10) , 118 ( 100) , 115 ( 7) , 114 ( 22) , 133 ( 15), 1 05 ( 9) , 
(8), 89 (10), 88 (7), 87 (9), 86 (7), 84 (9), 77 (10), 
(8), 74 (8), 71 (6), 69 (7), 63 (18), 62 (8), 57 (10), 
(7), 51 (7), 50 (7), all other peaks less than 5%. 
To a solution of 1 ,4-dihydro-1,4-epoxynaphthalene (115 mg, 
0.80 m mol), and 2,5-dichloro-1,4-benzoquinone (183 mg, 1.04 m mol) 
dissolved in chloroform (3 ml) was added 3,6-di(2'-pyridyl)-s-
tetrazine (202 mg, 0.85 m mol). After the evolution of nitrogen 
ceased the solution was diluted with chloroform (20 ml), washed 
with hydrochloric acid (5%, 2 x 10 ml), water (20 ml), dried and 
evaporated to dryness. 
The residue was chromatographed on silica using toluene 
as eluant to afford the quinone (180) (31 mg, 15%), m.p. 60-63°. 
2-Chloro-9,10-dihydro-ll-methylethylidene-9,10-methanoanthracene-
l ,4-dione (181) 
1 ,4-Dihydro-9-methylethylidene-
1,4-methanonaphthalene (0.77 g, 4.22 m mol), 
3,6-di(2'-pyridyl)-s-tetrazine (l.OOg, 
0 
4.23 mM) and 2,5-dichloro-1,4-benzoquinone (0.75 g, 4.24 m mol) were 
dissolved in chloroform (25 ml). After evolution of nitrogen 
ceased the mixture was washed with hydrochloric acid (5%, 2 x 50 ml), 
water (50 ml) and dried. 
The solvent was removed and the residue (- 1.6 g) treated 
with s-collidine (0.70 g, 5.78 m mol) in benzene (5 ml) for 12h. 
The mixture was diluted with chloroform (50 ml), washed with 
hydrochloric acid (5%, 2 x 50 ml), water (50 ml), dried and the 
solvent removed. The residue afforded 2-chloro-9,10-dihydro-
ll-methylethylidene-9,10-methanoanthracene-l,4-dione (1.25 g, 87%) 
which crystallised from ethanol-water as orange crystals, m.p. 
199-200°. 
An analytical sample was recrystallied from petroleum (40-70°). 
(Found: C, 72.8; H, 4.7; Cl, 11.9. c18H13o2c1 requires C, 72.9; 
H, 4.4; Cl, 12.0%). U.v. >.max (e) 227 (10735), 252 (6647), 258 
(6853), 264 (6716), 272 infl (5482), 278 (4660), 290 infl (3427) nm. 
I.r vmax 1672s, 1650s, 1571s, 1304s, 1253m, 1215m, 1174w, 1160w, 
170 J Ht ' I 
1150w, 1130w, llOlm, 1082s, 1049w, 1029w, 970w, 949w, 878m, 860w, 
828m, 800w, 775m, 713w, 717m, 706m, 696m, cm- 1 • 1H-n.m.r. o l.60, 
s, 6H, CH3; 4.96-4.99, m, 2H, H9, H8; 6.80, s, lH, H3; 7.04, m, 
2H, aromatic; 7.41, m, 2H, aromatic. Mass spectrum m/z: 299 (7%), 
+ + 298 (35), 297 (21), 296 (M·, 100), (Found: M· 296.0601. c18H13o2c1 
requires 296.0604), 261 (5), 255 (10), 253 (8), 234 (24), 231 (6), 
219 (11), 218 (5), 208 (7), 205 (7), 203 (6), 202 (10), 194 (6), 
190 (11), 189 (24), 188 (6), 187 (6), 179 (12), 178 (9), 176 (6), 
166 (5), 165 (21), 164 (8), 163 (15), 151 (8), 150 (14), 149 (7), 
139 (8), 126 (10), 116 (7), 101 (6), 95 (6), 90 (8), 89 (7), 88 (5), 
76 (7), 75 (6), 68 (9), 63 (7), 53 (5), 51 (5), 41 (6), all other 
peaks less than 5%. 
ll-Adamanty lidene- 2-chloro-9,10-dihydro-9,10-methanoanthracene-
1,4-dione (1 82 ) 
0 
171 
9-Adamantylidene-l ,4-dihydro-l ,4-
methanonapthalene (1023.6 mg, 3.37 m mol), 
3,6-di(2'-pyridyl)-s-tetrazine (800.6 mg, ~Cl 0 
3.39 m mol) and 2,5-dichlorobenzoquinone (598.9 mg, 
3.38 m mol) were stirred together in chloroform (20 ml) until the, rapid 
evolution of nitrogen ceased. The mixture was warmed at 60° until 
the red colour of s-tetrazine disappeared, the solvent removed and 
the residue treated with s-collidine (0.5 g) in benzene (20 ml) 
at 50° overnight. The mixture was diluted with dichloromethane 
(50 ml), washed with hydrochloric acid (5%, 2 x 50 ml), water (50 ml), 
dried and the so lvent removed. The residue was triturated with 
alcohol yielding ll-adamantylidene-2-chloro-9,10-dihydro-9,10-
methanoanthracene-l ,4-dione (1186 mg, 82%) which crystallised 
from methanol as orange crystals, m.p. 169-170°. (Found: C, 77.5; 
H, 5.4; Cl, 9.0. c25 H21 c102 requires C, 77.2; H, 5.4; Cl, 9.1 %). 
' '"I> I 
" I 
l -
U.v. ~max (E) 268 (12697), 274 (13503) nm. I.r. vmax 1674s, 
1656s, 1652s, 1572s, 1305m, 1253m, 121 8w, 1192w, 1175w, 1160w, 
1148w , 1102m, l 090m, l 065w, l 040w, l 030w, 962m, 900w, 888m, 833w, 
831w, 822w, 803w, 779w, 765w, 759m, 727m, 714w, 704w, 688m cm- 1 • 
1H-n.m.r. o l.16-2.04, m, 12H, adamantane; 2.65, m, 2H, adamantane; 
4. 98, s, lH, H9 or HlO; 5.02, s, lH, H9 or HlO; 6.80, s, lH, H3; 
6.98-7.20, m, 2H, aromatic; 7.28-7.48, m, 2H, aromatic. Mass 
spectrum m/z: 392 (6%), 319 (12), 390 (43), 389 (30), 388 (Mt, 
100), (Found: Mt 388. 1234·C25H21 o2c1 requires 388.1230), 387 (10), 
345 (6), 331 (6), 325 (10), 294 (6), 293 (10), 281 (6), 280 (7), 
269 (7), 268 (9), 267 (10), 257 (6), 255 (10), 215 (8), 202 (7), 
91 (7), 77 (6), all other peaks less than 5%. 
endo-N-methyl-10-adamantyl i dene-3a ,4 ,9 ,-9a-tetrahydro-4 ,9-methano- 1H-
benzo [f ] i soi ndol e- l ,3 ( 2H )di one (183) 
9-Adamantylidene-l ,4-dihydro-1,4-
methanonaphthalene (274 mg, 1.00 m mol), 
3,6-di(2'-pyridyl)-s-tetrazine (283 mg, 
H 0 
~CHJ 
H 0 
1.20 m mol) and N-methy lmaleimide (143 mg, l .29 m mo l) were stirred 
in chloroform (10 ml) until evolution of nitrogen ceased. The 
solution was warmed at 60° for lh, diluted with chloroform (20 ml), 
washed with hydrochloric acid (5%, 2 x 25 ml), water (25 ml), and 
dried. The solvent was removed and the residue chromatographed on 
a column of alumina using dichloromethane-petroleum (l :1) as eluant 
the adduct (183) (270 mg, 75%) which crystallised from alcohol as 
colourless needles, m. p. 189.5-190°. (Found: C, 80.5; H, 6.98; 
N, 4.0. C24H25N02 requires C, 80.2, H. 7.0; N, 3.9%). U.v. (CH3CN) 
>-max (E) 253 infl. (706), 261 (1074), 266 (1501), 273 (1501) nm. 
172 '" . 
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I.r. vmax 1775w, 1697s, 1305w, 1288m, 1277m, 1274m, 1215w, 1205w, 
1162w, 1150w, 1127m, llOOm, 1062w, 968m, 892w, 862w, 842w, 808w, 
767m, 753w, 727w, 694w cm- 1 • 1H-n.m.r. o l.28-2.08, m, 12H, 
adamantane; 2.28, s, 3H,N:H3; 2.72, m, 2H, adamantane; 3.40, m, 
2H, H3a, H9a; 4.28, m, 2H, H4, H9; 7.14, m, 4H, aromatic. Mass 
+ 
spectrum m/z : 360 (8%), 359 (M·, 27), 274 (5), 249 (24), 248 (100), 
205 (5), 191 (6), 179 (5), 178 (6), 167 (5), 165 (6), 128 (6), all 
other peaks less than 5%. 
exo-10-Adamanty lidene-3a,4,9,9a-tetrahydro-4,9-methanobenzo[f].:_ 
isobenzofuran-l ,3-(2H) dione (1 84) 
9-Adamantylidene-l ,4-dihydro-
l ,4-methanonaphthalene (207 mg, 
0.76 m mol), 3,6-di(2'-pyridyl)-s-
173 
tetrazine (178 mg, 0.76 m mo l) and maleic anhydride (74 mg, 0.76 m mo l) 
were stirred together at R.T. in anhydrous benzene (10 ml) until 
the red colour of s-tetrazine fades (- lh). The solution was 
washed with dilute hydrochloric acid solution (5%, 2 x 10 ml), 
dried and evaporated to dryness. The residue was chromatographed 
on silica using acetone as eluant to afford the adduct (184) (159 mg, 
61 %) which crystallised from chloroform as a white solid, m.p. 
273-274°, (Found: C, 79.4, H, 6.3 c23H22o3 requires C, 79.7; 
H, 6.4%). U.v. {CH 3CN) >. {e: ) 274 (1 386), 2r57 (1781), 261 (1422) max 
I.r. v 1867m, 1833m, 1776s, 1273m, 1245s, 1224s, 1217s, 1112m, max 
1103m, 1074s, 964m, 928s, 867w, 854w, 836w, 820w, 767m, 756s, 730m, 
698m cm- 1 • 1 H-n.m.r. o 0.90-0.50, m, 2H, adamantane; 1.40-1.80, m, 
lOH, adamantane; 2.38, br, 2H, adamantane; 3.25, s, 2H, H3a , H9a; 
3.85, s, 2H , H4, H9; 7.06-7.30, m, 4H, aromatic. Mass spectrum m/z: 
346 (M\ 11 %), 249 (23), 248 (100), 205 (5), 192 (5), 191 (8), 
179 (6), 178 (8), 167 (6), 165 (9), 128 (7), 115 (7), 91 (5), al 1 
other peaks less than 5%. 
nm. 
., . 
i ' 
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endo-ll-Adamantylidene-4a,9,9a,10-tetrahydro-9,l0-methanoanthracene-
l ,4-dione (185) 
9-Adamantylidene-l ,4-dihydro-1,4-
methanonaphthalene (249 mg, 0.91 m mol), 
2,6-di (2'-pyridyl)-s-tetrazine (219 mg, ~ 0 
0.93 m mol) and benzoquinone (110 mg, 1.02 m mol) were stirred in 
chloroform (20 ml) until the red colour of s-tetrazine disappears. 
The mixture was washed with hydrochloric acid (5%, 2 x 50 ml), 
dried and the solvent removed. The residue was chromatographed 
on silica using dichloromethane as eluant. endo-ll-Adamantylidene-
4a,9,9a,l0-tetrahydro-9,l0-methanoanthracene-l,4-dione (226 mg, 
70%) crystallised from alcohol as cream coloured needles, m.p. 
l 91-193°. 
H, 6. 8%). 
(Found: C, 84.l; H, 6.7. c25H24o2 requires C, 84.2; 
U.v. (CH3CN) Amax (E) 260 (1891), 265 (1978), 272 (1658) 
nm. I.r. vmax 1672s, 1605w, 1305w, 1294m, 1270w, 1230w, 1217w, 
1206w, 1161w, 1117m, 1099w, 1025w, 960w, 944w, 898w, 787w, 865w, 
760m, 757w, 675w, 662w cm- 1 • 1H-n.m.r. o 1.48-2.08, m, 12H, 
adamantane; 2.74, n, 2H, adamantane; 3.37, m, 2H, H4a, H9a; 
·4.36, m, 2H, H9, HlO; 6.00, s, 2H, H2, H3; 7.06, s, 4H, aromatic. 
Mass spectrum m/z: 356 (Mt, 5%), 250 (7), 249 (24), 248 (100), 
165 (5), 128 (5), all other peaks less than 5%. 
5a-Chloro-5,7,12,13a,14-pentahydro-15,16-di(methylethylidene)-
5,l4:7,l2-di(methano)pentacene-6,l3-dione (186) 
4-Chloro-9,10-dihydro-ll-
methylethylidene-9,10-methanoanthracene-
l,4-dione (315 mg, 1.06 m mol), 
9,10-dihydro-ll-methylethylidene-l,4-methanonaphthalene (194 mg, 
1.06 m mol) and 3,6-di(2'-pyridyl)-s-tetrazine (250 mg, 1.06 m mol) 
were stirred together in chloroform (20 ml) until the red colour 
•JI!, ' ' 
I' 
,I 
I 
uf s-tetrazine faded. The mixture was washed with hydroch lori c 
acid (5%, 2 x 25 ml), water (25 ml), dried and the solvent removed. 
5a-Chloro-5,7,l2,l3a,l4-pentahydro-l5,l6-di(methylethylidene) -
5,l4:7,l2-di (methano)pentacene-6,l 3-di one (466 mg, 97 %) crystallised 
from acetic acid as a white solid, m.p. 274-276°, (Found: C,79.3; 
H, 5.4; Cl, 7.9. c30H25o2cl requires C, 79 .6 ; H, 5.6; Cl, 7.8%). 
+ + Mass spectrum m/z: 452 (0.3%, M·), (Found: M· 452.1550, c30H25o2c1 
requires 452.1543), 157 (15), 156 (100), 141 (14), all other peaks 
less than 5%. 
5,7,12,14-Tetrahydro-15,16-di(methylethylidene)-5,1 4:7 ,12-
di (methano)pentacene-6,1 3-dione (187) 
Method A 
0 
5a-Chloro-5,7,l2,l3a,l4-pentahydro-
l5,l6-di (me thyl ethy lidene) - 5, l4:7,l 2-di( metha no) pentacene-6,l3-dione 
.. 
(45 mg, 0.40 ~ mol) and l ,5-diazab icyclo l3 .4.0lnonene-5 (50 mg, 
0.40 m mol) were stirred together in chloroform (l ml) for l min. 
The solution was ~iluted with chloroform (20 ml), washed with 
hydrochloric acid (5%, 2 x 40 ml), dried and the solvent removed. 
The residue afford 5,7,12,14-tetrahydro-15,16-di (methylethy lidene)-
5,14:7,l2-di (methano)pentacene-6,l 3-dione (40 mg , 96 %), m.p. > 340°. 
Method B 
5a-Chloro-5,7,l2,l3a,l4-pentahydro-l5,l6-di (methylethy lidene )-
5,l4:7,l2-di(methano)pentacene-6 , l 3-dione (4 16 mg, 0.92 m mo l) and 
pyridine (l ml) were stirred together at 50° for 6 days under an 
atmosphere of nitrogen. The mixture was diluted with chloroform 
(50 ml), washed with hydrochloric acid (5%, 5 x 100 ml), water 
(50 ml), dried and the solvent removed. The residue was 
chromatographed on alumina using dichloromethane-petroleum (l :l) 
175 ..... 
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as eluant. The isomeric mixture of 5,7,12,14-tetrahydro-15,16-
di(methylethylidene)-5,14:7,12-di(methano)pentacene-6,13-dione 
(185 mg, 48%) crystallised from chloroform-acetic acid as bright 
orange crystals, m.p. > 340°. (Found: C, 86.2; H, 5.8; 
c30H24o2 requires C, 86.5; H, 5.8%). U.v. (CC1 4) Amax (£) 272 
(1565), 277 (1731) n.m. I.r. vmax 1658s, 1572m, 1308s, 1292w, 
1216m, 1177w, 1162w, 1126m, 1097w, 1081w, 1012w, 976w, 938w, 844w, 
794w, 766w, 747m, 725m, 692m cm- 1 • 1H-n.m.r. o 1.52 and 1.56, 
twos, 12H, CH3); 4.86, s, 4H, HS, H7, Hl2, Hl4, 6.90-7.14, m, 
4H, aromatic; 7.26-7.42, m, 4H, aromatic. Mass spectrum m/z: 
+ + 418 (9%), 417 (35), 416 (M·, 100) (Found: M .. 416.1778. c30H24o2 
requires 416.1776), 415 (14), 402 (14), 401 (37), 388 (13), 
387 (12), 386 (9), 385 (5), 374 (5), 373 (16), 358 (6), 350 (5), 
349 (11), 348 (6), 346 (5), 334 (6), 315 (6), 302 (6), 289 (7), 
261 (5), 193 (7), 179 (5.5), 178 (6.5), 165 (9), 163 (5), 156 (5), 
144 (5), all other peaks less than 5%. 
6,13-Diacetoxy-5,7,12,14-tetrahydro-15,16-di(methylethylidene)-
5,14:7,12-di(methano)pentacene (188) 
5,7,12,14-Tetrahydro-
15,16-di(methylethylidene)-
5,14:7,12-di (methano)pentacene- OAc 
6,13 dione (15 mg, 0.04 m mol), acetic anhydride (6 ml) and zinc 
powder (124 mg, 1.89 m mol) were refluxed until the orange colour 
disappears. Acetic acid (1.5 ml) was added and the mixture 
refluxed 3 min.; diluted with water and the white precipitate 
collected. 6,13-Diacetoxy-5,7,12,14-tetrahydro-15,16-di (methyl-
ethylindene )-5,14:7,12-di(methano)pentacene (]5 mg, 83%) crystallised 
0 from chloroform-petroleum as colourless cyrstals, m.p. 280 
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sublim. (Found: C, 80 . 2; H, 6 .0. c34 H30o4•0. 06 CHC1 3 requires l, 
C, 80 .3; H, 5 .9%). U.v. (CHlN) >.max (E:) 266 (5814), 272 (6590), 
278 (5492), 289 (3812) nm. I.r. vmax 1765s, 1189s, 1098w, 1015m, 
950w, 893w, 748w, 720w, 694w cm- 1 • 1H-n.m.r. o 1.50 and 1.56, 
twos, 12H, CH 3 ; 2.43, s, 6H, OAc; 4.61 and 4.64, twos, 4H, 
H5, H7, Hl2, Hl4; 6.82-6.99, m, 4H, aromatic; 7.12-7.31, m, 4H, 
aromatic. Mass spectrum m/ z: 504 (8%), 503 (38), 502 (M+, 100 ), 
(Found: M+ 502.2146. c34H30o2 requires 502 .2144), 461 (9) , 
460 (28), 459 (33), 450 (6), 419 (10), 418 (31), 417 (31), 
403 (11), 402 (8), 401 (11), 305 (5), 302 (5), 94 (20), 92 (27) , 
67 (9), 63 (56), 62 (5), 61 (7), all other peaks less than 5%. 
6,13-Diacetoxy-5,14-dihydro-5,14-methanopentacene-15-one (189) 
A solution of 6,13-diacetoxy-5,7,12, 
14-tetrahydro-15,16-di (methylethylidene) -
5,14:7,12-di (methano)pentacene (68 mg, 0 .13 
OAc 
m mol) in dichloromethane (5 ml) at -78° was treated with ozone for lh. 
Dimethylsulphide (1 ml) was added and the solution allowed to reach 
ambient temperature. The solution was washed with brine, dried and freed 
of solvent. The residue was recrystallised from chloroform-petroleum to 
afford ketone (189)(16 mg, 27%) as colourless crystals, m.p . ca. 170° dee. 
1H-n.m.r. o 2.63, s, 6H, -OAc; 4.80, s, 2H, HS, H14; 7. 17-7.28, 
m, 2H, aromatic; 7.41-7.56, m, 4H, aromatic; 7.92-8.04, m, 2H, 
aromatic; 8.39, bs, 2H, aromatic. I.r. \/max 1790s, 1761s, 1456s, 
1185s, 1140m, 1116m, 1082m, 1035s, 1009w, 960w, 882m, 870m, 761m, 
750m, 722w cm- 1 • Mass srectrum m/z : 395 (8%), 394 (M+ -CO, 27), 
353 (8), 352 (27), 340 (5), 325 (9), 324 (25), 311 (24), 310 (100), 
309 (87), 308 (45), 294 (5), 281 (11), 280 (16), 253 (11), 252 (43), 
251 (9), 250 (19) 239 (6), 155 (8), 127 (10), 126 (9), 125 (5), 
57 (8), 55 (8), 45 (6), 43 (48), all other peaks less than 5%. 
I 
I 
Diels-Alder- reaction of 2-chloro-9,10-dihydro-ll-methylethylidene-
9,10-methanoanthracene-l ,4-dione and isoprene 
2-Chloro-9,10-dihydro-ll-methylethylidene-
9,10-methanoanthracene-l,4-dione (282 mg, 0.95 
m mol) and excess isoprene (5 ml) were heated 
in a sealed metal bomb at 96° for 6h. The 
solution was evaporated to dryness and the residue chromatographed 
on silica using chloroform as eluant to afford adduct (195) (14 mg, 
178 
42%), a pale yellow solid upon trituration with petroleum spirit (40-70), 
m.p. 122-125°. Attempts to recrystallise the a dduct (195) were unsuccessful 
due to apparent facile retro-Diels Alder elimination of isoprene. 
1 H-n.m.r. o 1.73, s, 6H, CH3; 1.62, br, 3H, CH3; 1.9-2.4, m, 2H, 
methylene; 3·.02, m, 2H, methylene; 3.88, s, lH, H9 or HlO; 3.91, S, lH, 
H9 or HlO; 5.48, br, lH, olefinic; 6. 31, s' lH, H 3 ; 7 . 04 , s , 4 H , 
aromatic. Mass spectrum m/z : 364 (M\ 1 % ) ' (Found: tt 364. 1227. 
c23H21 o2Cl requires 364.1230), 240 (7), 157 (20), 156 (100), 155 (6), 
145 (23), 128 (5), 115 (12), 91 (8), all other peaks less than 5%. 
Diels-Alder reaction of 2-chloro-9,10-dihydro-ll-~ethylethylidene-
9il-O-methanoanthracene-ii4-dione and chloroprene 
2-Ch loro-9,10-dihydro-ll-methylethylidene-
9,10-methanoanthracene-l,4-dione (31 mg, 0.10 m mol), 
chloroprene (11 mg, 0.12 m mol) and chloroform 
(0.3 ml), were heated at 80° for 12 h. Eyaporation 
of the solution and column chromatography of the 
residue on alumina using chloroform as eluant afford the adduct 
(196) (27 mg, 69%) as a pale yellow oil. 
1 H-n.m.r. o 1.76, s, 6H, -CH 3; 2.00-2.35, m, lH, methylene; 
2.49-2.79, m, lH , methylene; 3.10-3.53, m, 2H, methylene; 3.92, s, 
lH, bridgehead; 3.97, s, lH, bridgehead; 5.93, m, lH, olefinic; 
.... ' 
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6.42 and 6.46, twos, lH, olefinic; 7.12, s, 4H, aromatic. Mass 
+ + 
spectrum m/z: 386 (10%), 384 (M, 15), (Found: M 384.0685. 
c22H18o2c1 2 requires 384.0684), 346 (14), 345 (10), 344 (30), 278 (20), 
276 (28), 232 (18), 230 (37), 228 (38), 226 (31), 200 (10), 198 (13), 
195 (33), 194 (16), 193 (50), 191 (23), 166 (17), 164 (38), 162 (27), 
159 (25), 158 (32), 156 (26), 155 (85), 154 (22), 152 (10), 150 (ll), 
l 4 9 ( l O) , 148 ( 2 6) , 14 2 ( 14) , 141 ( l O) , l 40 ( 4 2) , l 38 ( 2 2) , l 3 7 ( 18) , 
136 (15), 135 (10), 134 (15), 131 (15), 129 (17), 128 (15), 125 (15), 
124 ( l O) , l 23 ( 20) , 119 ( 11) , 115 ( 28) , 113 ( l 5) , 11 2 ( 12) , 111 ( 33) , 
110 (18), 109 (28), 105 (38), 102 (15), 101 (20), 99 (15), 98 (10), 
97 (47), 96 (18), 95 (40), 85 (34), 84 (15), 83 (51), 82 (18), 81 (40), 
80 (10), 79 (11), 77 (32), 76 (20), 75 (40), 74 (38), 71 (60), 70 (27), 
69 (63), 68 (11), 67 (27), 63 (14), 57 (100), 56 (25), 55 (74), 
53 (27), 51 (33), 50 (24), 45 (10), 44 (45), 43 (77), 42 (10), 41 (55), 
all other peaks less than 10%. 
Diels-Alder reaction of 2-chloro-9,10-dihydro-11-~ethylethylidene-
9,10-methanoanthracene-1 ,4-dione and trans-l-methoxy-3-tri methylsiloxy-
1 ,3-butadiene 
2-Chloro-9,10-dihydro-ll-methylethylidene-
9,10-methanoanthracene-l,4-dione (29 mg, 0.10 
m mol) and excess trans-1-methoxy-3-
trimethylsiloxy-l,3-butadiene (29 mg, 0.17 
m mol) were stirred together in chloroform (0.3 ml) for 15 min. 
OTHS 
Evaporation of the solvent and excess diene afforded a 
quantitative yield (by 1 H-n.m.r. spectroscopy) of an isomeric adduct 
(197), an unstable pale yellow oil which displayed a broad and 
complicated 1 H-n.m.r. spectrum which could only be partially assigned. 
1 H-n.m.r. o 0.24, s, 9H, OTMS; 1.50, s, 3H, CH3; 1.69, s, 3H, CH3; 
3.04, s, 3H, OCH3; 6.27, s, lH, vinylic; 6.94, s, 4H, aromatic. 
..... 
+ + Mass spectrum m/z: 468 (M·, 3%), (Found: M· 468.1524. c26H26sio4c1 
requires 468.1523), 442 (9), 440 (5), 402 (7), 401 (13), 400 (32), 
399 (6), 387 (6), 386 (16), 385 (7), 370 (10), 324 (7), 322 (9), 
280 (14), 272 (5), 267 (13), 266 (6), 265 (29), 182 (7), 173 (16), 
167 (8), 165 (5), 157 (28), 156 (100), 155 (ll), 147 (10), 142 (5), 
141 (30), 128 (6), 115 (18), 93 (6), 89 (15), 85 (26), 75 (13), 
74 (5), 73 (37), 59 (5), all other peaks less than 5%. 
5a-Chloro-5a,6,ll ,lla-tetrahydro-3-hydroxy-13-methylethylidene-
6,ll-methanonaphthacene-5,12-dione (200) 
l,4-Dihydro-9-methylethylidene-l,4-
methanonaphthalene (21 mg, O.ll m mol), 
3,6-di(2r-pyridyl)-s-tetrazine (39 mg, 
OH 
0 
0.17 m mol) and 2-chloro-7-hydroxy-l,4-naphthoquinone (21 mg, 0.10 
m mol) were stirred together in chloroform (0.5 ml) until the 
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evolution of nitrogen ceased. The solution was diluted with chloroform, 
washed with hydrochloric acid (5%), dried and evaporated to drynes~. 
The residue was chromatographed on a column of silica using 
chloroform as eluant to afford al :l mixutre of endo/exo adduct 
(200) (22 mg, 60%) which was used without further purification or 
separation in subsequent reactions. 
6,ll-Dihydro-2-hydroxy-13-methylethylidene-6,ll-methanonaphthacene-
5,12-dione (198) 
Method A 
4-Chloro-9,10-dihydro-ll-
methylethylidene-9,10-methanoanthracene- 0 
l,4-dione (41 mg, 0.14 m mol) and trans-l-methoxy-3-trimethylsiloxy-
l,3-butadi ene (25 mg, 0.15 m mol) were sealed together in chloroform 
(0.3 ml) with l drop of pyridine for 12h. The solution was washed 
with hydrochloric acid (5%), dried, evaporated to dryness and the 
residue chromatographed on a column of silica using acetone as eluant 
to afford yellow-orange quinone (198), m.p. 247-250°. 1H-n.m.r. 
(d 6 -acetone) o l .62, s, 6H, CH3; 5.08, s, 2H, H6, Hll; 6.95-7.46, 
m, 6H, aromatic; 7.87, d, J 8.4 Hz, lH, aromatic; 10.01, s, lH, OH. 
Method B 
5a-Chloro-5a,6,ll ,lla-tetrahydro-3-hydroxy-13-methylethylidene-
6,ll-methanonaphthacene-5,12-dione (16 mg, 0.45 m mol) and pyridine 
(5 drops) dissolved in chloroform (0.3 ml) were heated at 115° for 
15 min. in a sealed tube. The solution was diluted with chloroform, 
washed with hydrochloric acid (5%), dried and evaporated to dryness 
to afford the orange quinone (198) (14 mg, 96%) which crystallised 
from chloroform-petroleum, m.p. 249-251°. (Found: C, 75.0; H, 4.9. 
c22H16o3•0.23 CHC1 3 requires C, 75.0; H, 4.6 %). U.v. (EtoH) Amax (E) 
374 (2619 ), 273 (27105) nm. I.r. vmax 3400s, 1661s, 1643m, 1605m, 
1586s, 1576s, 1313s, 1398s, 1242s, 1223w, 1076w, 925w, 863w, 848w, 
783w, 733m, 703w cm-1 • 1 H-n.m.r. o 1.60, s, 6H, CH 3; 5.05, s, 2H, 
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H6, Hll; 6.94-7.45, m, 6H, aromatic; 7.25, s, lH, OH; 7.95, d, J 8.5 Hz, 
lH, aromatic. Mass spectrum m/z: 330 (10%), 329 (25), 328 (Mt, 100), 
+ (Found: M· 328.1093. c22H16o3 requires 328.1099), 327 (27), 315 (5), 
314 (17), 313 (63), 312 (5), 311 (5), 299 (5), 285 (10), all other 
peaks less than 5%. 
Diels-Alder reaction of ll-adamantylidene-2-chloro-9,10-dihydro-9,10-
methanoanthracene-l ,4-dione and isoprene 
ll-Adamantylidene-2-chloro-9,10-dihydro-
9,10-methanoanthracene-l ,4-dione (114 mg, 
0.29 m mol), isoprene (21 mg, 0.30 m mol) and 
chloroform (0.3 ml) were heated at 80° in a 
sealed tube for 0.5h. The adduct (205) (48 mg, 34%) was purified by 
preparative thin layer chromatography on silica using chloroform as 
~·, 
eluant to afford a pale yellow oil. 1H-n.m.r. o 1.62, br, 3H, CH3; 
1.53-2.50, m, lOH, adamantane; 2.72, br, 2H, adamantane; 2.90-3.30, 
m, 4H, methylene; 3.87, s, lH, bridgehead; 3.90, s, lH, bridgehead; 
5.49, br, lH, vinylic; 6.29, s, lH, vinylic; 6.99, s, 4H, aromatic. 
Mass spectrum m/z: 458 (2%), 456 (Mt, 3), (Found: Mt 456.1858. 
c30H29o2cl requires 456.1856), 249 (24), 248 (100), all other peaks 
less than 5%. 
Diels-Alder reaction of ll-adarnantylidene-2-chloro-9,10-dihydro-9,10-
rnethanoanthracene-l,4-dione and chloroprene 
ll-Adamantylidene-2-chloro-9,10-
dihydro-9,10-methanoanthracene-l,4-dione 
(65 mg, 0.17 rn mol) and excess chloroprene 
(34 mg, 0.38 m mol) dissolved in chloroform (0.3 ml)· were heated at 
80° in a sealed tube for 30 min. The solution was freed of solvent 
and the residue (examination of residue . by 1 H-n.m.r. spectroscopy 
indicates almost quantitative yield) chromatographed on silica using 
chloroform as eluant to afford adduct (206) (6 mg, 7%). 1 H-n.m.r. 
o 1 .20-2.90, m, 14H, aliphatic; 3.30, m, 2H, methylene; 3.92, s, lH, 
bridgehead; 3.96, s, lH, bridgehead; 5.92, m, lH, olefinic; 6.38 and 
6.42, twos, lH, olefinic; 7.04, s, 4H, aromatic. Mass spectrum m/z: 
476 (Mt, 5%), (Found: Mt476.1309. c29H26o2c1 2 requires 476.1310), 
249 (20), 248 (100), 167 (13), 165 (10), 149 (19), 129 (11), 128 (10), 
120 (17), 119 (30), 105 (20), 91 (16), 86 (30), 84 (45), 78 (11), 
76 (14), 70 (16), 69 (10), 68 (12), 56 (29), 54 (19), 51 (10), 
49 (15), 47 (20), 43 (33), 41 (25), all other peaks less than 10%. 
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,r 
endo-13-Adamantylidene-5a-chloro-5a,6,ll-lla-tetrahydro-6,ll-
methanonaphthacene-5,l2-dione (210) 
9-Adamantylidene-l ,4-dihydro-1,4-
methanonaphthalene (337 mg, 1.23 m mol), 
3,6-di(2'-pyridyl)-s-tetrazine (250 mg, 
1.06 m mol) and 2-chloronaphthoquinone 
(205 mg, 1.07 m mol) were stirred together in chloroform (20 ml) 
until the red colour of s-tetrazine faded. The solution was washed 
with hydrochloric acid (5%, 2 x 25 ml), water (25 ml), dried and 
183 
freed of solvent to afford endo-l3-adamantylidene-5a-chloro-5a,6,ll,lla-
tetrahydro-6,ll-methanonaphthacene-5,l2-dione (444 mg, 95%) crystallised 
as a white solid, m.p. 195-196°. (Found: C, 79.0; H, 5.7; Cl, 8.0. 
c29H25o2cl requires C, 79.0; H, 5.7; Cl, 8.0%). U.v. >.max (E) 
256 (16359), 265 (sh, 13821), 315 (sh, 1692), 300 (sh, 1128) nm. 
I. r. vmax 1680s, 1591m, 1284s, 1265s, 1222w, 1167m, 1102m, l 072w, 
1045w, 1021w, 980w, 954w, 932w, 914w, 896w, 824w, 781w, 766m, 759m, 
737m, 725m, 694w, 660w cm-1 . 1 H-n.m.r. o l .50-2. 10, s, 12H, adamantane; 
2.87, br 2H, adamantane; 3.85, d, J 4.2 Hz, lH, Hlla; 4.55, m, 2H, H6, 
Hll; 6.7-7.l, m, 4H, aromatic; 7.46-7.65, m, 2H, aromatic; 7.7-7.8, 
m, 2H, aromatic. Mass spectrum .m/z: 440 (M+, l .5%), 406 (10), 
405 (38), 404 (86), 403 (12), 309 (7), 284 (6), 283 (12), 249 (24), 
248 (100), 91 (6), 79 (6), 78 (10), 77 (6), all other peaks less 
than 5%. 
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13-Adamantylidene-6,ll-dihydro-6,ll-methanonaphthacene-5,12-dione (208) 
Method A 
l3-Adamantylidene-5a-chloro-
5a ,·6, 11, 11 a-tetrahydro-6, l l-
methanopentacene-5, l 2-dione (444 mg, 0 
1.01 m mol) and s-collidine (0.2 g) was stirred together in benzene 
(10 ml) overnight. The solution was diluted with chloroform (25 ml), 
washed with hydrochloric acid (5%, 2 x 50 ml), water (100 ml), dried 
and the solvent removed. The residue afforded quinone (208) (190 mg, 
47%) after recrystallisation from acetic acid as bright yellow crystals, 
m.p. 291-294°. (Found: C, 85.9; H, 5.8. c29H24o2 requires C, 86.l; 
H, 6.0%). U.v. (THF) "max(£) 265 (18014), 272 (16476), 366 (2855) nm. 
I.r. \/max 1659s, 1596s, 1522w, 1329m, 1317m, 1305m, 1297m, 1267w, 
1212w, 1202w, 1178w, 1158w, 1142w, 1138w, 1100w, 956w, 940w , 903w, 
872w, 801w, 774w, 767w, 757w, 745m, 710s, 690w cm-l. 1 H-n .m.r. o 
1.40-2.00, m, 12H, adamantane; 2.68, m, 2H, adamantane; 5.08, s, 2H, 
H6, Hll; 7.00, m, 2H, aromatic; 7.37, m, 2H, aromatic; 7.64, m, 2H, 
aromatic; 8.02, m, 2H, aromatic. Mass spectrum m/z: 406 {7%), 
405 (29), 404 (Mt, 100), 403 (11), 309 (7), 283 (13), all other peaks 
less than 5%. 
Hethod B 
Diels-Alder reaction of ll-adamantylidene-2-chloro-9,10-dihydro-9,10-
methanoanthracene-l,4-dione and l-methoxy-1,3-butadiene 
ll-Adamantylidene-2-chloro-9,10-dihydro-
9,10-methanoanthracene-l,4-dione (25 mg, 0.06 
m mol) and l-methoxy-1,3-butadiene (5 mg, 0.06 
m mol) dissolved in deuterochloroform (0.3 ml) were heated at 80° for 
15 min. in a sealed p.m.r. tube. 1 H-n.m.r spectroscopy revealed that 
initial reaction afforded an isomeric mixture of adducts (207). 
The spectrum could only be partially assigned. 1 H-n.m.r. o 
3.0-1.4, m, aliphatic; 3.39 and 3.43, twos, lH, -OCH3; 4.10-3.70, 
m, 2H; 4.30, m, 2H; 6.04-6.30, m, 2H, olefinic; 6.47 and 6.54, two 
s, lH, olefinic; 7.00-7.20, m, 4H, aromatic. 
After further heating of the initial adduct at 140° for 12h, 
the solvent was removed and the residue chromatographed (alumina, 
CHC1 3) to afford the quinone (208) (5 mg, 18%) which was identified 
+ by mass spectroscopy (M· = 404) and comparison of the 1H-n.m.r. 
spectrum with an authentic sample. 
Diels-Alder reaction of 2-chloro-9,10-dihydro-9,10-epoxyanthracene-
l,4-dione and isoprene 
2-Chloro-9,10-dihydro-9,10-epoxyanthracene-
l ,4-dione (70 mg, 0.27 m mol), isoprene (20 mg, 
0.30 m mol) and chloroform (0.3 ml) were heated 
at 80° in a sealed tube for 3h. EYaporation of the solvent and excess 
diene afforded a quantitative yield (by 1 H-n.m.r. spectroscopy) of an 
isomeric mixture of internal adducts (211). JH-n.m.r. o l .64, br, 3H, 
CH3; 2.50, m, 2H, methylene; 3. 10, m, 2H, methylene; 5.29, s, 2H, 
bridgehead; 5.60, m, lH, olefinic; 6.31, s, lH, olefinic; 7.15, s, 
4H, aromatic . 
Further heating at 140° for 12h, 
followed by preparative thin layer 
chromatography using chloroform as 
0 
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eluant afforded 2-methylnaphthacene-5,12-dione (20 mg, 27 %) as orange 
needles, 170° sublim. JH-n.m.r. o 2.50, s, 3H, CH3; 7.45-7.72, m, 4H, 
aromatic; 7.92-8.26, m, 4H, aromatic; 8.73, s, lH, aromatic. Mass spectrum 
+ + 
m/z: 273 (23%), 272 (M·, 100), (Found: M· 272.0836. c19H12o2 requires 
272.0837), 271 (7), 245 (5), 244 (21), 243 (9), 216 (16), 215 (40), 
214 (5), 213 (14), 202 (5), 189 (8), 113 (12), 94 (8), all other 
peaks less than 5%. 
Diels-Alder reaction of 2-chloro-9,10-dihydro-9,10-epoxyanthracene-
l,.4-dione and chloroprene 
2-Chloro-9,10-dihydro-9,10-epoxyanthracene-
l,4-dione (69 mg, 0.27 m mol), chloroprene (24 mg, 
0.27 m mol) and chloroform (0.3 ml) were shaken 
togetner in a sealed tube. Evaporation of the 
solvent afforded a quantitative yield (by 1H-n.m.r. spectroscopy) of 
of an isomeric mixture of internal adducts (212). 1H-n.m.r. o 2.50, 
m, lH, methylene; 2.94, m, lH, methylene; 3.40, m, 2H, methylene; 
5.01, s, lH, bridgehead; 5.28, s, lH, bridgehead; 5.98, m, lH, 
olefinic; 6.32 and 6.38, twos, lH, olefinic; 7.18, m, 4H, aromatic. 
4a,9,9a,10-Tetrahydro-ll-methylethylidene-9,10-methanoanthracene-
l ,4-di one ( 222) 
l ,4-Dihydro-9-methylethylidene-
l,4-methanonaphthalene (273.5 mg, 
1.50 m mol), 3,6-di(2'-pyridyl)-s- ~ 0 
tetrazine (374.7 mg, 1.59 m mol) and l ,4-benzoquinone (168.5 mg, 
1.56 m mol) were stirred together in dichloromethane (10 ml) until 
the evolution of nitrogen ceased. The solution was washed with 
hydrochloric acid (5%) and evaporated to dryness to afford the 
adduct (222) (386.0 mg, 97%) which was used without further 
purification in subsequent reactions. 
9,10-Dihydro-ll-methylethylidene-9,10-methanoanthracene-l,4-diol (224) 
Method A 
4a,9,9a,10-Tetrahydro-ll-methylethylidene-
9,10-methanoanthracene-l ,4-dione (292 mg, 1.11 
m mol) and anhydrous sodium acetate (247 mg, 
OH 
3.02 m mol) were refluxed together in glacial acetic acid (10 .ml) for 
1.5h, under an atmosphere of nitrogen. After cooling the solution 
186 
Cl 
was diluted with water (20 ml), the white precipitate of 9,10-dihydro-
ll-methylethylidene-9,10-methanoanthracene-l ,4-d io l (246 mg, 84%) 
was filtered off, washed with water (20 ml), ether (5 ml) and dried 
in vacuo, 0 m.p. 300 dee. 
Method B 
l ,4-Diacetoxy-9,10-dihydro-ll-methylethylidene-9,10-methano-
anthracene (179 mg, 0.52 m mol) was stirred with an aqueous solution 
(40 ml) of acetic acid {glacial) and hydrochloric acid (2N) (l :l) 
at 70° for 5h. The suspension was fi ltered, the prec i pi ta te wa shed 
sparingly with ether and dried (100°) i n vacu to afford 9 ,1 0-dihydro-
ll-methylethylidene-9,10-methanoanthracene-l ,4-diol (112 mg, 82%), 
m.p. 300° dee. (Found: C, 80.7, H, 6.3 . c18H16o2-0.2 H2o requires 
C, 80.7; H, 6.2%). I.r. \!max 3280m, 1491s, 1250s, 1236m, 1209s, 
1160m, llOlw, 1084w, 1054w, 1014w, 950m, 872w, 800m, 791w, 768w, 
748w, 716s, 681w cm- 1 • 1H-n.m.r. {d 6 -DMS0) o 1.53, s, 6H, CH3; 
4.97, s, 2H, H9, HlO; 6.22, s, 2H, H2, H3; 6.90, m, 2H, aroma tic; 
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7.24, m, 2H, aromatic; 8.60, s, 2H, OH. Mass spectrum m/z : 265 (21 %), 
264 (Mt 100), (Found: Mt 264.11557. c18H16o2 requires 264.11555), 
263 (9), 250 (13), 249 {61), 248 (9), 247 (11), 235 (11), 234 (7), 
232 (9), 222 (12), 221 (63), 210 (19), 202 (5), 201 (8), 197 (7), 
189 (8), 180 (9), 175 (5), 165 (14), 154 (5), 153 (10), 126 (6), 
115 (6), 101 (6), all other peaks less than 5%. 
9,lO-Dihydro-ll-methylethylidene-9,10-methanoanthracene-l ,4-dione (219) 
l. Method A: DDQ 
9,10-Dihydro-ll-methylethylidene-9,10-
methanoanthracene-l ,4-diol (39 mg, 0.15 m mol) 
and 2,3-dichloro-5,6-dicyanobenzoquinone (70 mg, 
0.31 m mol) were stirred together in methanol 
0 
~ 
0 
(2.5 ml) overnight. The solution was diluted with water (20 ml) and 
extracted with chloroform (2 x 30 ml). The combined extracts were 
dried, freed of solvent and the residue chromatographed (silica, 
dichloromethane) to afford quinone (219) (37 mg, 95%) as orange 
crystals, m.p. ca. 200° dee. 
2. Method B: Ferric Chloride 
188 
9,10-0ihydro-ll-methylethylidene-9,10-methanoanthracene-l,4-diol 
(29 mg, 0.11 m mol) and ferric chloride hexahydrate (72 mg, 0.27 m mol) 
were stirred goether at 70° for 5.5h . in a two-phase mixture of 
benzene (10 ml) and water (5 ml) containing 2 drops of cone. 
hydrochloric acid. The benzene layer was separated and the water 
layer extracted with dichloromethane. The organic fractions were 
combined freed of solvent and the residue chromatographed (silica, 
dichloromethane) to afford orange crystals of quinone (219) (22 mg , 
76%), m.p. ca . 200° dee. 
3. Method C: Silver Oxide 
4a,9,9a,l0-Tetrahydro-ll-methylethylidene-9,l0-methanoanthracene-
l ,4-dione (133 mg, 0.50 m mol) and excess potassium tert-butoxide 
(113 mg) were stirred in dry THF (20 ml) for l~ h. The suspension 
was diluted with water (20 ml), acidified with hydrochloric acid 
(5%) and extracted with ether. The extracts were washed with water, 
dried and treated with excess silver oxide (0.35 g) for 3h. After 
filtration the solution was dried, freed of solvent and the residue 
chromatographed (alumina, dichloromethane) to afford quinone (219) 
(23 mg, 17%), m.p. ca. 200°. 
4. Method D: Corey's Reagent 
4a,9,9a,l0-Tetrahydro-ll-methylethylidene-9,l0-methanoanthracene-
l ,4-dione (94 mg, 0.36 m mol) was heated in pyridine (5 ml) under 
reflux (atmosphere of nitrogen) for 36h. After cooling pyridinium 
chlorochromate (194.5 mg, 0.90 m mol) was added and the solution 
stirred for lh. The solution was diluted with di ch loromethane 
(50 ml), washed with hydrochloric acid (5%) and evaporated to 
dryness. The residue was chromatographed on alumina using 
dichloromethan2 as eluant to afford quinone (219) (28 mg, 31 %), 
0 m.p. ca . 200 dee. 
5. Method E: Chromic Acid 
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4a,9,9a,l0-Tetrahydro-ll-methylethylidene-9,l0-methanoanthracene-
l ,4-dione (350 mg, l .32 m mol) and excess pyridine (3 ml) were heated 
at 140° in a sealed tube for 3h. The solution was acidified and 
the brown solid removed by filtration. To a stirred suspension of 
the brown solid in benzene (6 ml) at o0 , was added (dropwise) a cold 
solution of sodium dichromate (80 mg, 0.31 m mol) in a mixture of 
glacial acetic acid (0.5 ml), cone. sulphuric acid (0.5 ml) and 
water (l ml). The stirring was continued an additional 3h, water 
(100 ml) was added and the solution extracted with benzene. The 
combined extracts w·ere washed with water, dried and evaporated. The 
residue was chromatographed on alumina using dichloromethane as 
eluant to afford quinone (219) (151 mg, 43 %) which crystallised from 
ethanol, m.p. ca. 200° dee . (Found: C 82.5; H, 5.5. c
18
H
16
o
2 
requires C, 82.4; H, 5.4%). U.v. Amax ( E) 267 (5177), 273 (5336), 
277 infl (4812), 300 infl (1940). 335 (388) nm. I.r . vmax 1660s, 
1652s, 1578m, 1285m, 1264s, 1220w, 1161w, 1151w, 1134w, 1080w, 1000m, 
848m, 764m, 728w, 713m cm- 1 • 1 H-n.m.r. o 1.60, s, 6H, CH3; 4.93, 
s' 2H H9, HlO; 6.55, s, 2H, H2, H3 ; 7.03, m, 2H, aromatic ; 7.38, 
m, 2H, aromatic. Mass spectrum m/z: 264 ( 7%), 263 (22) 262 (M\ l 00), 
261 ( 17)' 249 ( 6). 248 (19), 247 (92), 246 (5), 245 ( 5) 234 (8), 
233 ( 11 ) ' 221 ( 9) ' 220 (6), 219 (25), 218 (8), 208 (5), 206 (5), 
205 (7), 203 (5), 202 (9), 192 (5), 191 (20) , 190 (11), 189 (2 5), 
179 (8), 178 (9), 177 (13), 176 (5), 175 (8), 166 (6), 165 (29), 
164 (11), 163 (16), 156 (10), 152 (5), 151 (21), 150 (9), 149 (6), 
141 (6), 139 (13), 127 (6), 126 (17), 115 (10), 89 (5), 88 (5), 
76 (8), 75 (5), 67 (5), 65 (8), 51 (6), 41 (7), all other peaks 
less than 5%. 
endo-4a,9,9a,l0-Tetrahydro-9,l0-epoxyanthracene-l ,4-dione (220) 
l ,4-Dihydro-l ,4-epoxynaphthalene 
(225 mg, 1.56 m mol), 3,6-di(2'-pyridyl)-
s-tetrazine (370 mg, l .57 m mol) and 
1 ,4-benzoquinone (169 mg, 1 .57 m mol) ~ H 0 
were dissolved in chloroform (5 ml). After evolution of nitrogen 
ceased the mi xture was diluted with chloroform (20 ml), washed with 
hydrochloric acid (5%, 2 x 20 ml) and the organic phase dried, and 
evaporated to dryness. The residue was chromatographed on silica 
using first chloroform as eluant to remove any p-benzoquinone and 
finally acetone to elute the a dduct (220) (271 mg, 77%) which 
0 crystallises from methanol as colourless needles, m.p. 148-15 . 
(Found: C, 74.3; H, 4.7. c14H10o3 requires C 74.3; H, 4.5%). 
U.v. (EtOH) Amax (E) 228 (10313), 262 (infl) (992), 269 (728) nm. 
I.r. vmax 1674s, 1304m, 1291s, 1156w 1134w, 1052m, 988m, 761m, 
744w, 790m, 875m, 842m, 763s, 722w cm-1 • 1 H-n.m.r. o 3.55-3.62, 
m, 2H, H4a, H9a; 5.72-5.79, m. 2H, H9, HlO ; 6.00, s, 2H, H2, H3; 
7. 15, s, 4H, aromatic. Mass spectrum m/z : 266 (Mt, 3%), (Found: 
M+ 226.0626. c14H10o3 requires 226.0629), 119 (10), 118 (100), 
115 (8), 90 (6), 89 (7), all other peaks less than 5%. 
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Anthracene-1 ,4-dione (225) 
Method A 
endo-4a,9,9a,l0-Tetrahydro-9,l0-
epoxyanthracene-1 ,4-dione (25 mg, 0.84 
0 
~ 
0 
m mol) was heated at 80° in pyridine (3 ml) overnight. The solution 
was poured into hydrochloric acid (5%, 50 ml) and extracted with 
chloroform (2 x 25 ml). The combined extracts were dried, freed 
of solvent and the residue chromatographed on a column of silica 
using chloroform as eluant to afford yellow needles of anthracene-
1,4-dione (13 mg, 58%) which was purified by vacuum sublimation, 
191 
(150°@ 0.2 mm Hg), m.p. ca. 160° sub. (lit.85 m.[L 221-225°). 1H-n. m.r. 
o 7.06, s, 2H, H2, H3; 7.78-7.57, m, 2H, aromatic; 7.97-8.12, m, 2H, 
aromatic; 8.61, s, 2H, H9, HlO. Mass spectrum m/z: 210 (5%), 
209 (17), 208 (Mt, 93), 180 (21), 155 (5), 154 (13), 153 (10), 
152 (51), 151 (12), 150 (9), 149 (19), 141 (10), 139 (7), 127 (10), 
126 (38), 125 (11), 123 (8), 119 (12), 118 (100), 117 (5), 116 (5), 
115 (9), 114 (5), 113 (8) 112 (5), 111 (15), 110 (7), 109 (10), 
105 (5), 104 (5), 99 (18), 98 (10), 97 (25), 96 (10), 95 (15), 93 (5), 
91 ( 9) , 90 ( l O) , 89 ( l 2) , 88 ( 5) , 87 ( 9) , 86 ( 6), 85 ( 19) , 84 ( 9) , 
83 (21), 82 (11), 81 (16), 79 (5), 77 (9), 76 (18), 75 (10), 74 (10), 
73 (10), 71 (27), 70 (12), 69 (25), 68 (5), 67 (11), 63 (21), 62 (5), 
61 (5), 60 (7), 57 (5), 56 (40), 55 (12), 54 (33), 53 (9), 52 (6), 
50 (7), 49 (7), 45 (7), 44 (5), 43 (50) 42 (9), 41 (30), all other 
peaks less than 5%. 
Method B 
endo-4a,9,9a,l0-Tetrahydro-9,10-epoxyanthracene-l ,4-dione (13 mg, 
0.56 m mol) and anhydrous sodium acetate (34 mg) were refluxed 
together in glacial acetic acid (5 ml) under an atmosphere of nitrogen 
192 
for 1 h. After cooling the solution was poured into water (50 ml) 
and the solution extracted with chloroform (50 ml). The organic 
extract was dried and the solvent removed to afford 1,4-anthraquinone 
(225) which was purified by vacuum sublimation, m.p. ca. 160° sub. 
Diels-Alder reaction of 9,10-dihydro-11-methylethylidene-9,10-
methanoanthracene-l,4-dione and isoprene 
9,10-Dihydro-ll-methylethylidene-
9,10-methanoanthracene-1,4-dione (27 mg, 
0.10 m mol) and excess isoprene were 
0 
heated together in chloroform (0.3 ml) at 115° in a sealed tube for 
5 min. Evaporation of the solvent and excess isoprene followed by 
chromatography of the residue on a column of alumina using chloroform 
as eluant afforded the adduct (228) (23 mg, 68%), a pale yellow oil 
which crystallised from chloroform-petroleum as pale yellow crystals, 
m.p. 120° sub., melts 159-l60°(rapid heating). 1 H-n.m.r. o 1.60, 
br, 3H, CH3 ; 1.72, s, 6H, CH3 ; 1.87-2.34, m, 2H, methylene; 2.84-
3.14, m, 2H, methylene; 3.86, s, 2H, bridgehead; 5.48, br, lH, 
olefinic; 6.01, s, 2H, olefinic; 6.97, s, 4H, aromatic. Mass spectrum 
+ + 
m/z: 330 (M·, 2%), (Found: M"330.1614. c23H22o2 requires 330.1620), 
157 (19), 156 (100), 155 (5), 141 (19), 115 (9), .85 (7), 83 (10), 
45 (5), all other peaks less than 5%. 
Diels-Alder reaction of 9,10-dihydro- ll-methylethylidene-9,10-
methanoanthracene-l,4-dione and chloroprene 
9,10-Dihydry-ll-methylethylidene-9,10-
methanoanthracene-l,4-dione (31 mg, 0.12 
m mol), chloroprene (18 mg, 0.21 m mol) and 
chloroform (0.3 ml) were heated at 80° in a sealed tube for 2h. 
Evaporation of the solvent and excess diene afforded a quantitative 
yield (by 1 H-n.m.r. spectroscopy) of internal adduct (229). 1 H-n.m.r. 
o 1.74, s, 6H, CH3; 2.12, dm, J 14.5 Hz, lH, methylene; 2.59, dd, 
J 14.5 Hz, 2.3 Hz, lH, methylene; 3.23, m, 2H, methylene; 3.86, 
s, 2H, bridgehead; 5.80, m, lH, olefinic; 6.05, s, 2H, olefinic; 
7.00, s, 4H, aromatic. 
Further heating at 140° for 5h, followed by chromatography 
on a column of silica using chloroform 
as eluant afforded 2-chloro-6,ll-dihydro-
13-methylethylidene-6,ll-methano-
naphthacene-5,12-dione (40 mg, 97%) 
0 
Cl 
which crystallised from chloroform as a yellow solid, m.p. 200° sub. 
I.r. v 1667s, 1650s, 1584m, 1310m, 1295s, 1164w, 1023w, 994w, 
max 
740m, cm-1 • Mass spectrum m/z: 249 (8%), 248 (34), 347 (27), 
346 (Mt, 100), (Found: Mt 346.0743. c22H15c102 requires 346.0760), 
345 (13), 344 (26), 331 (12), 329 (7), 312 (12), 311 (46), 310 (8), 
303 (11), 301 (5), 283 (15), 268 (5), 254 (10), 253 (14), 251 (8), 
241 (8), 240 (18), 189 (8), 188 (10), all other peaks less than 5%. 
Diels-Alder addition of 9,10-dihydro-ll-methylethylidene-9,10-
methanoanthracene-l,4-dione and trans-l-methoxy-3-trimethylsiloxy-
l ,3-bu tad i ene. 
9,10-Dihydro-ll-methylethylidene-9,10-
methanoanthracene-l,4-dione (45 mg, 0.17 m mol) 
and trans-l-methoxy-3-trimethylsiloxy-1,3-
butadiene (73 mg, 0.43 m mol) were stirred 
together in chloroform for 2 min. Evaporation of the solvent and 
excess diene afforded a quantitative yield (by 1 H-n.m.r spectroscopy} 
of a mixture of two isomeric adducts (230), an unstable pale yellow 
oil. 1 H-n.m.r. o 0.23, s, 9H, -OTMS; 1.54, s, 3H, -CH3; 1.69, s, 3H, 
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-CH3; 2.54, d, J 16.5 Hz, lH, methylene; 2.85, dd, J 16.5 Hz, 2.0 Hz, 
lH, methylene; 3.12, s, 3H, -OCH3; 3.94, s, lH, bridgehead; 3.99, s, 
lH, bridgehead; 4.49, bd, J 7.0 Hz, lH, CH-OCH3; 5.05, d, J 7.0 Hz, 
lH, olefinic; 6.12, s, 2H, olefinic; 7.09, s, 4H, aromatic. 1H-n.m.r. 
(d 6 -benzene) o 0.11, s, 9H, -OTMS; 1.37, s, 3H, -CH3; 1.55, s, 3H, 
-CH3; 2.74, d, J 17.0 Hz, lH, methylene; 3.20, d, J 17.0 Hz, lH, 
methylene; 2.96, s, 3H, -OCH 3; 3.92, s, lH, bridgehead; 3.99, s, lH, 
bridgehead; 4.48, d, J 7.0 Hz, lH, -CH-OCH3; 4.79, bd, J 7.0 Hz, 
lH, olefinic; 5.80, s, lH, olefinic; 5.82, s, lH, olefinic; 6.70-7.00, 
m , 4H , aroma ti c . 
2-Methylmercaptoguinone (239) 
Prepared by the method of Georgian and 
Skaletzky59 , m.p. 144.5-145.5° (lit. 59 m.p. 146-146.5°). 
(Found: C, 54.2; H, 4.1, S, 20.7. c7H6S02 
~SCH3 
0 
requires C, 54.5; H, 3.9; S, 20.8%). U.v. Amax(£) 310 (3213), 
424 (1832) nm. I.r. v 1605s, 1462s, 1433w, 1421w, 1379m, 
max 
1333s, 1322s, 1297s, 1288s, 1218w, 1113m, 1013s, 985w, 950w, 883s, 
854w, 822w, 778w, 722w cm- 1 • 1 H-n.m .r. o 2.34, s, 3H, SCH3; 6.39, 
s, lH, H3; 6.81, m, 2H, H6, HS. Mass spectrum m/z: 156 (9%). 
155 (10), 154 {M\ 100), 139 (25), 128 (5), 127 (6), 126 (70), 
111 (27), 98 (12), 97 (14), 85 (28), 83 (15), 82 (70), 79 (9), 
72 (22), 71 (8), 69 (6), 57 (25), 55 (7), 54 (70), 53 (35), 52 (6), 
51 (8), 46 (7), 45 (20), all other peaks less than 5%. 
4a,9a,9,l0-Tetrahydro-ll-methylethylidene-2-methythio-9,10-methano-
anthracene-l ,4-dione (240) 
l,4-Dihydro-11-methylethylidene-
l,4-methanonaphthalene (664 mg, 2.42 m mol), 
3,6-di(2'-pyridyl)-s- tetrazine (573 mg~ 
0 
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3,6-di(2 ' -pyridy1)-s-tetrazine (573 mg, 2. 42 m mol) and 2-methyl-
mercaptoquinone (475 mg, 3.09 m mol) were stirred together at R.T. 
in chloroform (25 ml) until vigorous evolution of nitrogen ceased, 
warmed at 60° for 15 min, washed with dilute hydrochloric acid 
(5%, 2 x 50 ml), water (50 ml), dried and the solution evaporated 
to dryness. The residue was chromatographed on silica using 
acetone as eluant. 4a,9,9a,10-Tetrahydro-11-methylethylidene-2-
methylthio-9,10-methanoanthracene-1,4-dione (659 mg, 88%) 
crystallised from methanol, m.p. 171-172°. (Found: C, 73.2; 
H, 5.9; S, 10.4. c19H18so2 requires C, 73.5; H, 5.9; s, 10.3%). 
U.v. (CH3CN) Amax( £) 331 .5 (789) nm. I.r. vmax 1683s, 1643s, 
1552s, 1333s, 1308s, 1285m, 1254s, 1227m, 1193m, 1147m, 1102w, 1084v1, 
1004m, 975m, 895w, 873m, 833w, 802w, 791w, 760m, 744m, 720m , 711s, 
675m, cm- 1 • 1H-n.m . r. 0 1 . 69, 5' 6H, CH3; 1 . 91 , s, 3H, SCH3; 
3.43, m, 2H, H4a, H9a; 4.36, d, J 5.0 Hz, 2H, H9, HlO; 5.75, 
s, 1H, H3; 7.07, s, 4H, aromatic. Mass spectrum m/z: 310 (M\ 
+ 12%), (Found: M" 310.1030. c19H18so2 requires 310.1027), 156 (100), 
155 (7), 141 (28), 139 (5), 128 (6), 115 (13), all other peaks less 
than 5%. 
9,10-Dihydro-11-me thylethylidene-2-methylthio-9,10-methanoanthracene 
1,4-diol (241) 
4a,9,9a,10-Tetrahydro-11-methylethylidene-
2-methylthio-9,10-methananthracene-1 ,4-dione 
(261 mg, 0.84 m mol) and anhydrous sodium 
acetate (136 mg, 1 .66 m mol) were refluxed 
OH 
SMe 
together in glacial acetic acid (10 ml) for 3h under an atmosphere 
of nitrogen, diluted with water (100 ml) and extracted with 
dichloromethane (2 x 50 ml). The organic extract was washed with 
water, dried and evaporated to dryness to afford the white qui nol 
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(241) (213 mg, 81 %), m.p. 212-217°. 1H-n.m.r. o l.62, s, 6H, CH
3
; 
2.22, s, 3H, SCH3; 4.99, s, lH, H9 or HlO; 5.05, s, lH, H9 or H 10; 
6.64, s, lH, H3; 6.90-7.10, m, 2H, aromatic; 7.24-7.44, m, 2H, 
aromatic. 1H-n.m.r. (d 6 -acetone) o 1.64, s, 6H, CH3; 2.18, s, 3H, 
SCH3; 5.09, s, 2H, H9, HlO; 6.72, s, lH, H3; 6.92-7.06, m, 2H, 
aromatic; 7.26-7.46, m, 2H, aromatic; 6.36, br, 2H, OH. Mass 
spectrum m/z: 312 (8%), 311 (23), 310 (M\ 100), (Found: M: 
310. 1023. c19H18so2 requires 310.1027), 296 (18), 295 (82), 280 (14), 
279 (5), 268 (17), 264 (9), 263 (10), 249 (12), 248 (12), 244 (7), 
242 (5), 220 (6), 190 (7), 165 (8), 152 (5), all other peaks less 
than 5%. 
9,10-Dihydro-ll-methylethylidene-2-methylthio-9,10-methanoanthracene-
l ,4-dione (242) 
Method A 
9,10-Dihydro-ll-methylethylidene-
2-methylthio-9,10-methanoanthracene-
0 
SMe 
l,4-diol (28 mg, 0.09 m mol), cerric ammonium nitrate (13 mg, 0.02 
m mol) and sodium bromate (168 mg, l .l mol) were stirred together 
in aqueous acetonitrile (4 ml, l :1) for 3h. The solution was diluted 
with water (50 ml) and extracted with dichloromethane. The combined 
extracts were dried, freed of solvent to afford a quantitative yield 
of quinone (242), m.p. 206-207° (chloroform-methanol). 
Method B 
4a,9,9a,l0-Tetrahydro-ll-methylethylidene-2-methylthio-9,l0-
methanoanthracene-l ,4-dione (142 mg, 0.46 m mol) and anhydrous sodium 
acetate (80 mg, 0.97 m mol) were refluxed togeter in glacial acetic 
acid (5 ml) for 3h. After cooling, 2,3-dichloro-5,6-dicyano-l,4-
benzoquine (105 mg, 0.46 m mol) was added and the mixture stirred 
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for 15 min., diluted with dichloromethane (20 ml), washed with 
water (2 x 50 ml) and the resulting solution dried and freed of 
solvent. The residue was chromatographed (alumina, benzene) to 
afford quinone (242) (74 mg, 52%) which crystallised from chloroform-
methanol as orange-red needles, m.p. 206-207°. (Found C, 72.8; 
H, 5.2; S, 9.9. c19H16so2 requires C, 72.8, H, 5.2; S, 10.2%). 
U.v. Amax(£) 251 (6967), 267 (7920), 225 (6600), 304 (4958), 
395 (2325) nm. l.r. vmax 1665s, 1635s, 1609m, 1544s, 1379m, 1300s, 
1262s, 1214m, 1185m, 1159w, 1105s, 1076m, 1038w, 871m, 831m, 801w, 
770w, 761w, 7llm, 703m, 682w cm-1 • 1 H-n.m.r. o 1.57, s, 6H, CH3; 
2.52, s, 3H, SCH3; 4.92, s, 2H, H9, HlO; 6.60, s, lH, H3; 6.95-7.20, 
m, 2H, aromatic; 7.20-7.59, m, 2H, aromatic. Mass spectrum.m/z: 
+ + 310 (12%), 309 (25), 308 (M·, 100), (Found: M· 308.0868. c,9Hl6S02 
requires 308.0871), 307 (9), 295 (9), 294 (12), 293 (51), 275 (17), 
267 (6), 265 (20, 261 (9), 260 (13), 247 (6), 233 (14), 232 (8), 
221 (9), 203 (6), 202 (6), 193 (6), 189 (l l), 180 (6), 179 (10), 
165 (17), 164 (6), 163 (8), 151 (7), 150 (5), 139 (11), 126 (7), 
115 (7), 85 (7), all other peaks less than 5%. 
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Diels-Alder reaction of 9,10-dihydro-ll-methylethylidene-2-methylithio-
9,10-methanoanthracene-l,4-dione and trans l-methoxy-3-tri~ethyl-
siloxy-1,3-butadiene 
9,10-Dihydro-ll-methylethylidene-2-
methylthio-9,10-methanoanthracene-l ,4-dione 
(31 mg, 0.10 m mol) and excess trans-l-
methoxy-3-trimethylsiloxy-l,3-butadiene 
Me 
OTMS 
(32 mg, 0.19 m mol) were stirred together in chloroform (0.3 ml) 
for 5 min. Evaporation of the solvent and excess diene afforded 
a quantitative yield (by 1H-n.m .r. spectroscopy) of an isomeric 
adduct (243); an unstable yellow oil. 1H.n. m.r. 6 0.24, s, 9H, 
OTMS; 1.53, s, 3H, CH 3; 1.68, s, 3H, CH 3; 1.96, s, 3H, SCH 3
; 
2.55, d, J 6.7 Hz, lH, methylene; 2.82, bd, J 6.7 Hz, lH, 
methylene; 3.11, s, 3H, OCH3; 3.96, m, 2H, bridgehead; 4.47, 
d, J 6.3, lH, H adjacent to OCH 3; 5.00, bd, J 6.3 Hz, lH, vinylic; 
5.81, s, lH, vinylic; 7.03, s, 4H, aromatic. Mass spectrum m/z: 
481 (8%), 480 (M\ 20), (Found: M+ 480.1777 . c27H32s;o4s requires 
480. 1790), 453 (5), 452 (16), 405 (5), 293 (9), 292 (10), 277 (8), 
182 (12), 173 (22), 172 (20), 171 (8), 167 (13), 165 (7), 159 (6), 
158 (10), 157 (69), 156 (100, 155 (11), 147 (8), 143 (10), 142 (25), 
141 (65), 129 (5), 128 (7), 127 (5), 116 (5), 115 (20), 112 (7), 
99 (6), 97 (6), 89 (30), 85 (59), 83 (5), 75 (39), 74 (9), 73 (100), 
71 (7), 69 (5), 59 (11), 57 (10), 55 (10), 45 (13), 43 (7), 41 (8), 
all other peaks less than 5%. 
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9,10-Dihydro-ll-methylethylidene-2-(p- toluenethio)-9,10-methanoanthracene-
l ,4-diol (244) and 9,10-dihydro-ll-methylethylidene-2-( p-toluenethio )-
9, l 0-methanoanthracene- l ,4-di one ( 24 5) 
9,10-Dihydro-ll-methylethylidene-
9,10-methanoanthracene-l ,4-dione (98 mg, 
0.37 m mol) and p-toluenthiol (391 mg, 
3.15 m mol) were stirred together in 
ethanol (10 ml) for 2h . The solution 
was diluted with dichloromethane (40 ml), 
washed with water (2 x 50 ml), dried and 
OH 
s@-Me 
freed of solvent. The residue was chromatographed on silica using 
chloroform as eluant to afford both the bright red quinone (245) 
(34 mg, 24%) and the almost colourless quinol (244) (82 mg, 57%) 
.---- --------------------1111111111 .... ___ lllllllllllllllllllllll!!!l-1111111!!!!!!!1!!!! 1111111----... 
which could not be further purified due to facile oxidation to 
the quinone (245). 
9,10-Dihydro-ll-methylethylidene-2-(p-toluenethio)-9,10-
methanoanthracene-l ,4-diol, m.p. 238-239°. U.v . A (e) 
max 
258 (5626), 272 (5508), 278 (5508), 313 (5626) nm. I.r. vmax 
3420s, 1608w, 1496s, 1343s, 1330s, 1300w, 1285w, 1246s, 1224s, 
1193m, 1160m, 1103w, 1087w, 1024w, 845m, 826m, 815m, 791w, 760w, 
725s, 694w cm- 1 • 1H-n.m.r. o 1.62, s, 6H CH 3 ; 2.25, s, 3H, CH 3
; 
4.40, br, lH, OH: 4.96, d, J 1.6 Hz, H9 or HlO; 5.03, d, J 1.6 Hz, 
lH, H9 or HlO; 6.09, s, lH, OH; 6.64, s, lH, H3; 6.90-7.01, m, 
6H, aromatic; 7.24-7.38, m, 3H, aromatic. Mass spectrum m/z: 
388 (10%), 387 (31), 386 (M\ 100), (Found: Mt 386 . 1337. 
c25H22so2 requires 386 .1340), 372 (8), 371 (27), 320 (6), 296 (5) , 
295 (21), 294 (11), 280 (5), 279 (11), 264 (5), 263 (20), 262 (24), 
252 (11), 250 (5), 249 (17), 248 (12), 247 (7), 219 (7), 218 (6), 
202 (7), 193 (5), 191 (6), 190 (6), 189 (13), 179 (5), 178 (5), 
166 (8), 165 (17)", 157 (5), 155 (10), 151 (10), 150 (6), 139 (7), 
127 (9), 125 (6), 124 (15), 115 (6), 92 (9), 91 (17), 86 (14), 
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84 (8), 79 (6), 77 (7), 65 (7), 46 (10), all other peaks less than 5%. 
9,10-Dihydro-ll-methylethylidene-2-(p-toluenethio)-9,10-
methanoanthracene-l,4-dione. 1H-n .m.r. o 1.56, s, 3H, CH 3; 
1.58, s, 3H, CH 3 ; 2.38, s, 3H, CH 3 ; 4.86, d, J 1.7 Hz, lH, H9 or 
HlO; 4.95, d, J 1.7 Hz, lH, H9 or HlO; 5.61, s, lH, H3; 7.00-7.10, 
m, 2H, aromatic; 7.28-7.54, m, 6H, aromatic. Mass spectrum m/z: 
+ + 386 (5%), 385 (5), 384 (M·, 17), (Found: M 384.1181. c25H20so2 
requires 384.1184), 246 (7), 157 (15), 156 (100), 149 (14), 141 (17), 
139 (6), 137 (9), 123 (10), 115 (8), 97 (5), 91 (10), 85 (5), 
83 (5), 77 (6), 71 (8), 69 (9), 65 (5), 57 (15), 55 (10), 45 (7), 
43 (15), 41 (12), all other peaks less than 5%. 
Reactio n of 9,10-dihydro-ll-methylethylidene-2-me thylthio-9,lO-
methanoanthracene-l ,4-cJione and ,-.,-bromosuccinir.iide 
To a mi xture of 9,10-dihydro-ll -
methylethylidene-2-methythio-9,10-
methanoanthracene-1 ,4-dione (10 mg, 
0.03 m mol) in anhydrous methanol 
(5 ml), cooled in an ice-water bath; 
SMe 
was added N-bromosuccinimide (11 mg, 0.06 m mol) at such a rate 
as to maintain the temperature below 10°. After lh at below 10° , 
the mi xture was allowed to warm to room temperature, evaporated 
to dryness and the residue chromatographed on a column of alumi na 
using toluene as eluant to afford the red isomeric brominated 
quinone (249) (33 mg, 27%), m.p. 73-80°. 1H-n.m.r. o 1.74 and 
1.85, twos, 3H, CH3; 2.29 and 2.32, twos, 3H, SCH 3; 4.80-5. 12, 
m, 4H, H9, HlO, methylene; 6.13 and 6.19, twos, lH, H3; 7.04- · 
7.24, m, 2H, aromatic; 7.30-7.58, m, 2H, aromatic . Mass spectrum 
+ + 
m/z: 388 (11 %), ·386 (M·, 12), (Found M· 385.9964. c19H15so2Br 
requires 385.9976), 292 (12), 279 (9), 273 (5), 265 (17), 264 (6), 
260 (9), 259 (11), 235 (5), 233 (6) , 232 (9), 231 (8), 223 (5), 
221 (6), 219 (5), 218 (16), 217 (9), 210 (5), 207 (12), 204 (6), 
203 (13), 202 (15), 189 (12), 179 (21), 178 (22), 177 (8), 
176 (11), 165 (8), 164 (6), 163 (10), 152 (11), 151 (9), 150 (6), 
l 4 9 ( 5 ) , l 3 9 ( 11) , l 2 6 ( 7) , 86 ( l 4 ) , 8 5 ( 6 ) , 84 ( l 9 ) , 5 3 ( 5 ) , 
all other peaks less than 5%. 
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9, l 0-Di hydro- 11-methy l ethyl i dene-2-methy l su l pho ny 1-9, l 0-metha no-
anthracene- l ,4-d i o l (248) 
Method A 
9,10-Dihydro-ll-methylethylidene-
9,10-methanoanthracene-l ,4-dione (78 mg, 
0.30 m mol) and lithium methyl sulphinate 
(48 mg, 0.53 m mol) were stirred together in ethanol-acetic acid 
(l :l, 10 ml) for 0.5h. The solution was diluted with water 
(50 ml) and extracted with dichloromethane. The extracts were 
combined, dried and evaporated to dryness to afford the quinol 
(248) (91 mg, 89%), as a pale yellow oil. 
Method B 
9,10-Dihydro-ll-methylethylidene-9,10-methanoanthracene-
l ,4-dione (138 mg, 0.53 m mol) and lithium methyl sulphinate 
(65 mg, 0.75 m mol) were stirred together in acetic acid-water 
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(3:1, 2 ml) until the solution was almost colourless. The solution 
was diluted with water and the resulting white precipitate filtered 
and dried in vacuo to afford the quinol (248) (143 mg, 79%). 1H-n.m.r. 
o 1.61, s, 6H, CH 3; 2.94, s, 3H, so 2cH3; 5.12, s, 2H, H9, HlO; 
6.98, m, 3H, aromatic; 7.37, m, 2H, aromatic; 7.92, br, 2H, OH. 
Mass spectrum m/z: 344 (9%), 343 (24), 342 (Mt, 100), (Found: 
+ 
M· 342.0921 . c19H18so4 requires 342.0926), 341 (6), 329 (6), 
328 (16), 327 (70), 325 (6), 313 (7), 300 (7), 299 (27), 288 (15), 
275 (8), 264 (6), 263 (18), 262 (44), 249 (7), 248 (25), 247 (15), 
233 (6), 220 (8), 219 (12), 218 (8), 205 (6), 202 (9), 191 (8), 
190 (8), 189 (19), 181 (5), 180 (5), 179 (6), 178 (6), 165 (17), 
164 (6), 163 (7), 155 (5), 153 (5), 152 (16), 151 (8), 139 (7), 
122 (6), 115 (6), 63 (6), all other peaks less than 5%. 
9,10-Dihydro-11-methylethylidene-2-methylsulphonyl-9,10-methano-
anthracene-1,4-dione (246) 
9,10-Dihydro-11-methylethylidene-
2-methylsulphonyl-9,10-methanoanthracene-
1,4-diol (143 mg, 0.42 m mol), and 
2,3-dichloro-5,6-dicyanobenzoquinone 
(104 mg, 0.46 m mol) were stirred together in chloroform (5 ml) 
for 15 min. The bright red solution was filtered and the 
filtrate freed of solvent to afford quinone (246) (135 mg, 95%) 
which was found to be very moisture sensitive. 1H-n.m.r. o 1.59, 
s, 6H, CH3; 3.22, s, 3H, -S0fH3; 4.94, s, 2H, H9, HlO; 7.00-7.17, 
m, 2H, aromatic; 7.33, s, lH, H3; 7.36-7.50, m, 2H, aromatic. 
9,l0-Dihydro-ll-me thylethylidene- 2(p-toluenesul phonyl)79 , l0-methano 
anthracene-1 ,4-di o l ( 250) 
Method A: 
9,10-Dihydro-ll-methylethylidene-
9,10-methanoanthracene-l,4-dione (126 mg, 
0.48 m mol) and p-toluenesulphinic acid 
OH 
so@--Me 
OH 
sodium salt dihydrate (551 mg, 2.57 m mol) were stirred together in 
50:50 ethanol-acetic acid (20 ml) for 0.75h., during which time 
the solution fades and a white precipitate fo nms. The mixture was 
diluted with an equal volume of water and the precipitate collected. 
9,10-Dihydro-ll-methylethylidene-2(p-toluenesulphonyl)-
9,10-methanoanthracene-l,4-diol (169 mg, 85%) was recrystallised 
from chloroform-petroleum, m.p. 193-194°. U.v. Amax (E) 249 (6708), 
323 (6153), 278 (6692), 276 (6585), 266 (5829) nm. I.r. vmax 
3360s, 3270s, 1620w, 1600w, 1313s, 1308s, 1294S, 1248s, 1233s, 
202 
1189m, 1158m, 1130s, 1100m, 1083s, 1046w, 1018w, 976w, 910w, 
832s, 810w, 789w, 769w, 743w, 720s, 687m, 671m , cm- 1 • 1H-n.m.r. 
o 1.58, s, 3H, CH3; 1.60, s, 3H, CH3 ; 2.37, s, 3H, CH 3; 4.94, 
d, J 1.5 Hz, lH, H9 or HlO; 5.05, d, J 1.5 Hz, lH, H9 or HlO; 
6.84-7.04, m, 3H, aromatic; 7.16-7.42, m, SH, aromatic and 
OH; 7.74, d, J 8.4 Hz, 2H, aromatic; 8.62, br, lH, OH. Mass 
spectrum m/z: 420 (10%), 419 (29), 418 (Mt, 100%), (Found: 
+ . M· 418.1235. c25 H22so4 requires 418.1238), 417 (5), 404 (11), 
403 (39), 401 (5), 375 (11), 351 (5), 264 (6), 263 (19), 
262 (38), 249 (12), 248 (11), 235 (6), 219 (10), 218 (5), 191 (5), 
189 (8), 165 (8), 152 (6), 60 (36), -45 (51), - 44 (8), 43 (56), 
all other peaks less than 5%. 
Method B 
4a,9,9a,10-Tetrahydro-ll-methylethylidene-4a-(p-toluene-
sulphonyl)-9,10-methanoanthracene-l,4-diol (42 mg, 0.10 m mol) 
was stirred in pyridine (2 ml) for 24h. The solution was diluted 
with dichloromethane (25 ml), washed with dilute hydrochloric 
acid (5%), dried and freed of solvent to afford the quinol (250) 
(32 mg, 75%) which was identified by comparison of the mass and 
1H-n.m.r. spectra with an authentic sample. 
9,10-Dihydro-ll-methylethylidene-2-( p-toluenesulphonyl)-9,10-
methanoanthracene-l ,4-dione (247) 
9,10-Dihydro-ll-methylethylidene-2-
(p-toluenesulphonyl)-9,10-methano-
anthracene-1,4-diol (18 mg, 0.04 m mol) 
and 2,3-dichloro-5,6-dicyanobenzoquinone 
(12 mg, 0.05 m mol) were stirred together in chloroform (1 ml) 
for 5 min. The mixture was filtered and the filtrate evaporated 
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to dryness to afford a quantitative yield of the quinone (247); 
a dark red oil. 1H-n.m.r. <5 1.58, s, 6H, CH3; 2.47, s, 3H, CH3
; 
4.92, s, lH, H9 or HlO; 4.97, s, lH, H9 or HlO; 7.00-7.20, m, 
2H, aromatic; 7.28-7.56, m, SH, aromatic; 8.02, d, J 9.0 Hz, 2H, 
aromatic. Mass spectrum m/z: 418 (16%), 417 (32), 416 (Mt, 100), 
(Found: Mt 416 .1978. c25H20so4 requires 416. 1082), 415 (5), 
403 (5), 402 (9), 401 (30), 352 (5), 351 (14), 338 (7), 337 (27), 
336 (6), 323 (6), 309 (6), 283 (8), 252 (5), 261 (14), 260 (5), 
234 ( 5) ' 233 (14), 232 (5), 218 (6), 203 ( 6) ' 202 ( 8) ' 190 ( 8)' 
189 ( 8) ' 179 (5), 178 (8), 165 (11), 163 ( 5) ' 151 ( 6) ' 139 ( 6) ' 
91 ( 11 ), 88 ( 5) , 85 ( 5) , 83 ( 7) , a 11 other peaks less than 5%. 
Attempted Kugelrohr distillation (ca. 0.05 mm Hg) of the 
quinone (247) destroyed the sample. 
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Diels-Alder reaction of 9,10-dihydro-ll-methylethylidene-2-
methylsulphonyl-9,10-methanoanthracene-l ,4-dione and cyclopentadiene 
9,10-Dihydro-ll-methylethylidene-2-
methylsulphonyl-9,10-methanoanthracene-l ,4-
dione (211 mg, 0.62 m mol) and excess 
cyclopentadiene (0.5 ml) were mixed 
together at room temperature in chloroform (0.3 ml). Evaporation 
of solvent and excess diene followed by treatment of the residue 
by preparative thin layer chromatography using chloroform as eluant 
afforded the adduct (262) (94 mg, 37%). 1H-n.m.r. <5 1.38, md, 
J 8.8 Hz, lH, methylene; 1.59, s, 6H, CH3; 2. 14, md, J 8.8 Hz, 
lH, methylene; 3.22, s, 3H, -so2cH3; 3.3-3.7, m, 2H, bridgehead; 
3.39, d, J 3.6 Hz, lH, -COCH<; 4.88, s, lH, bridgehead; 4.90, s, 
lH, bridgehead; 5.42, dd, J 6.0 Hz, 3.0 Hz, lH, olefinic; 5.56, 
d d , J 6. 0 Hz , 3. 0 Hz, l H, o l e f i n i c ; 6. 96- 7. 16 , m, 2 H , aromatic ; 
7.30-7.48, m, 2H, aromatic. Mass spectrum m/z : 408 ( 11 ~n, 
407 (30), 406 + Mt 406.1247. (M·, 100), (Found: C24H22504 
requires 406. 1239), 391 ( 7) , 344 (6), 343 (13), 342 (45), 
341 ( 14) , 340 ( 35) , 329 ( 5), 328 (26), 327 (40), 326 (45 ), 
325 ( 24) , 313 ( 7), 312 (8), 311 (10), 300 ( 5) , 299 ( l 3) , 297 
263 (9), 262 (20), 261 (15), 260 (8), 248 ( 9) , 247 ( l O) , 189 
165 (14), 157 (10), 156 (45), 149 (16), 141 (12), 66 (70), 
65 (27), 43 (15), all other peaks less than 5%. 
( 7), 
( l O) , 
Adduct (262) dissolved in chloroform was treated with two 
drops of DBN, washed with 5% hydrochloric acid solution, dried 
and freed of solvent to afford the dark yellow l ,4,6,ll-
tetrahydro-12-methylethylidene-l ,4:6,ll-di (metha no) naph th acene-
5,12,dione (266). 1H-n.m.r. o 1.59, s, 6H, -CH3; 2.0-2 . 3, m, 
2H, Hl3; 4.06, m, 2H, Hl, H4; 4.94, s, 2H, H6, Hll; 6.79, m, 
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2H, H2, H3; 6.9-7.2, m, 2H, aromatic; 7.2-7.3, m, 2H, aromatic. 
Diels-Alder reaction of 9,10-dihydro-ll-methylethyli de ne- 2- (4 '-
toluenesulphonyl)-9,10-methanoanthracene-l ,4-dione and cycl ooentadiene 
9,10-Dihydro-ll-methylethyiidene-
2-(4 '-toluenesulphonyl)-9,10-methano-
anthracene-1 ,4-dione (17 mg, 0.04 m mol) 
and excess cyclopentadiene (0.1 ml) were 
mixed together at R.T. in chloroform 
0 
(/) 
0 0 
N 
~ 
3: 
f1> 
(0.3 ml) whereupon the red colouration fades to a yellow. Excess 
diene and solvent was removed and the residue further purified by 
preparative thin-layer chromatography on silica using chloroform 
was eluant to afford adduct (263) (16 mg, 84%); a pale yellow 
-----------...... ~~ ......... --------, ..---- ~ 
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oil. 1H-n.m.r. o 1.56, s, 6H, CH 3; 2.2S, m, 2H , -CHz- ; 2.48, s, 3H , 
CH 3; 3.53, ril , 2H, Hl, H4; 4.15, d , J 4.0 Hz , lH, Hl2a; 4.75, m, 2H, 
H6, Hll; 5.46, br, 2H, H2, H3; 6.90-7.13, m, 2H, aromatic; 7.1 8-7.48, 
m, 4H, aromatic; 7.74, d, J 8.0 Hz, 2H , aromatic. 
Adduct (263) in chloroform rearranged on exposure to 
sunlight, the 1H-n.m .r. spectrum could only be partially assigned. 
The absence of olefinic signals suggested cage compound (265) . 
1H-n.m.r. o 7.97, d, J 8.2 Hz, 2H, aromatic; 7.39-7.16, m, 
aromatic; 3.86, bs, 2H, bridgehead; 2.45, s, 3H, -CH3; 1.61, 
s, 6H, -CH3. 
Diels-Alder reaction of 9,10-dihydro-ll-methylethy lidene- 2-( p-toluene-
sul phony l )-9 ,10-methanoan thracene-l ,4-dione and 
9,10-Dihydro-ll-methylethylidene-2-
(p-toluenesulphonyl)-9,10-methanoanthracene-
l ,4-dione (192 mg, 0.46 m mol) and isoprene 
(34 mg, 513 m mol) were mixed together in 
is~H 
~0-M, 
0 0 N 
lvJ 
~ 
Cl) 
chloroform (0.3 ml) for lh. during which time the solution fades 
from dark red to pale yellow. The solution was freed of solvent 
and the residue chromatographed (Si02, CHC1 3) to afford adduct 
(264) (147 mg, 66%) a pale yellow solid. 1H-n.m.r. c 7.75-6.90, 
m, 8H, aromatic; 5.29, m, lH, olefinic; 4.93, bs, lH, bridgehead; 
4.86 and 4.78, two d, J 1.6 Hz, lH, bridgehead; 3.82, d, J 3.3 Hz, 
lH, Hl2a; 3.56, m, lH; 2.43 and 2.38, twos, 3H, -CH3; 1.71-1.64, 
m and 1.57, s, 9H, - CH 3; 1.8-3.l, m, broad envolope partially 
obscured. Mass spectrum m/z: 484 (Mt, 10%), (Found: Mt 484. 1711. 
c30H28so4 requires 484. 1708), 330 (22), 329 (66), 328 (32), 327 (7), 
326 (8), 314 (7), 313 (15), 311 (10), 301 (7), 285 (8), 215 (6), 
209 (6), 202 (5), 179 (5), 178 (6), 174 (14), 166 (6), 165 (14), 
157 (24), 156 (100), 155 (22), 141 (23), 139 (5), 128 (5), 121 (7), 
119 (35), 115 (11), 105 (6), 93 (7), 92 (6) , 91 (22), 77 (10), 63 (5), 
all other peaks less than 5%. 
--
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endo-9-Acetoxy-4a,9,9a,10-tetrahydro-5-methoxy-9,l0-epoxyanthracene-
l ,4-di one ( 286 ) 
1-Acetoxy-l ,4-dihydro-5-methoxy-l ,4-
epoxynaphthalene (58 mg, 0.25 m mol) and 
p-benzoquinone (27 mg, 0.25 m mo l) 
dissolved in chloroform (0.3 ml) were treated 
with 3,6-di(2'-pyridyl)-s-tetrazine (65 mg, 0.28 m mol) at 60° for 
0.5h. The mixture was washed with 5% hydrochloric acid, dried and 
freed of solvent to afford adduct (286) (50 mg, 64%) which 
crystallised from ethanaol as colourless crystals, m.p. 155-165° 
turns bright orange v.Jith melting. (Found: C, 65.1; H, 4.5. 
c17H14o6 requires C, 65.0; H, 4.5%). U.v. Amax (E:) 311 (701), 
272 (1526), 230 (6807) nm. I.r . vmax 1766s, 1674s, 1604m, 1488m, 
1307s, 1287m, 1267s, 1250m, 1214s, 11 84w , 1153s, 1132m, 1118m, 
1078m, 1026s, 1010s, 977m, 947m, 924m, 870m, 760m cm- 1 • 1H-ri.m.r. 
o 2.32, s, 3H, -OAc; 3.75-3.91, m, 2H, H4a, H9a; 3.80, s, 3H, 
-OCH3; 5.91, d, J 5.4 Hz, lH, HlO; 6.01, s, 2H, H2, H3; 6.72, 
d, J 8.4 Hz, 2H, aromatic; 7. 18, m, lH, aromatic. Mass spectrum 
m/z: 314 (Mt, 2%), (Found: Mt 314.0787. c17H14o6 requires 
314.0790), 164 (6), 163 (45), 162 (100), 77 (8), all other peaks 
1 ess than 5%. 
endo-10-Acetoxy-4a,9,9a,l0-tetrahydro-5-methoxy-9,10-epoxanthracene-
l ,4-di one ( 287) 
1-Acetoxy-l ,4-dihydro-8-methoxy-
l ,4-epoxynaphthalene (125 mg, 0.54 m mol) 
and p-benzoquinone (130 mg, 0.55 m mol) 
dissilved in chloroform (2 ml) were 
treated with 3,6-di(2'-pyridyl)-s-tetrazine (70 mg, 0.65 m mol) 
at 60° for 0.5h. The mixture was washed with 5% hydrochloric 
acid, dried and freed of solvent and the residue recrystallised 
from methano l to afford adduct (287) (118 mg, 69%) as colourless 
crystals, m.p. turns bright orange with melting between 159- 175°. 
(Found: C, 64.9, H, 4.6. c17H14o6 requires C, 65.0; H, 4.5%). 
U.v. "max (E) 273 (2913), 310 (1512) nm. I.r. vmax 3400 (br, \v), 
1780s, 1678s, 1596m, 1302m, 1283s , 1219s, 1198s, 1137s, 11 22m , 
1077w, 1067w, 1048w, 1028w, 1004w, 988s, 977s, 949m, 869m , 784m , 
cm-
1
• 
1H-n.m.r. o 2.30, s, 3H, -OAc; 3.43-3.82, m, 2H, H4a, H9a ; 
3.75, s, 3H, -OCH3; 5.68, d, J 5.3 Hz, lH, H9; 5.98, s, 2H, H2, 
H3; 6.64-6.77, m, 2H, aromatic; 7. 12, d, J 7.8 Hz, lH, aromatic . 
Mass spectrum m/z : 314 (Mt, <1 %) (Mt too small to measure high 
resolution mass spectrum), 165 (7), 164 (62), 163 (10), 149 (7), 
76 (10), 43 (31), all other peaks less than 5%. 
l ,4-Dihydroxy-2-methylsulphonyibenzene (299) 
l ,4-Benzoquinone (332 mg, 2.99 m mol) 
and lithium methyl sulphinate (329 mg, 
3.83 m mol) were stirred together in methanol-
acetic acid (5:1, 6 ml) for 0.5h. The solution 
OH 
~S02CH3 
OH 
was evaporated to dryness and the residue chromatogra phed on silica 
using chloroform as eluant to afford the quinol (249) (289 mg, 52%) 
which was found to be rather insoluble in chloroform and dichloro-
methane, but extremely soluble in water. 
The quinol (249) slowly crystallised on standing as a white 
solid, m.p. 103°. 1 H-n .m.r. (d 6 -acetone) o 3.20, s, 3H, CH3; 
6.56, br, lH, OH; 6.62, s, lH, OH; 6.86, m, 2H, HS, H6; 7.20, d, 
J 4.0 Hz, lH, H3. 
+ ( M · , l 00) , (Found: 
Mass spectrum m/z: 190 (7%), 189 (10), 188 
MT 188.0141. c7H8so4 requires 188.0143), 
208 
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126 (5), 125 (55), 112 (8), 111 (5), 110 (43), 109 (25) , 108 (5) , 
97 (17), 82 (7), 81 (24), 80 (5), 79 (5), 69 (10) , 63 (5), 60 (5), 
55 (13), 54 (5), 53 (20), 52 (14), 51 (10), 50 (5), 45 (8), 
43 (20 ) , all other peaks less than 5%. 
2 ,4a-Di ch 1 oro - 4a , 5 ,8 ,oa-tetrahydro- 5- me thoxy - 7- tri me thy 1 s i 1 oxy -
naph tha 1 ene - 1, 4-d i one (300) 
2,5-Dichloro-1, 4-ben zoq ui none (83 mg , 
0.47 m mol) and trans-1-methoxy-3-trimethyl -
siloxy-l ,3-butadiene (104 mg, 0.61 m mol) 
were stirred together at room temperature 
in chloroform (l ml) for 5 min. The solvent and excess diene 
was removed to afford 2,4a-dichloro-4a,5,8,8a-tetrahydro-5-
methoxy-7-trimethylsiloxynaphthalene-l ,4-dione (165 mg , 
quantitative), an unstable pa1e yellow oil. 1H-n.m.r . o 0 . 26, 
s, 9H, OTMS; 2.42, dd, J 18.5 Hz, 7.0 Hz, lH, HS; 3.07, d, 
J 18.5 Hz, lH, HS; 3.10, s, 3H, OMe; 3.47, d, J 7.0 Hz, lH, 
H8a; 4.04, d, J 5.6 Hz, lH, HS; 5.06, d, J 5.6 Hz, lH, H6 ; 
+ 7.10, s, lH, H3. Mass spectrum m/z : 348 (M·, 2%), (Found: 
+ 
M· 348.0354. c14H18Si0l1 2 requires 348.0351), 283 (5), 282 (20) , 
281 (12), 280 (46), 268 (7), 267 (38), 266 (19), 265 (100) , 
237 (7), 230 (6), 201 (5), 172 (25), 171 (6), 157 (33), 141 (20), 
115 (8), 101 (13), 93 (7), 89 (7), 75 (12), 74 (5), 73 (46), 
all other peaks less than 5% . 
209 
4a , 5 ,8 ,8a-Tetrahydro - 5-methoxy-4a-(p-tol uenesul phonyl )-7-trkethyl -
~ i l oxynaphtha l ene- l ,4-di one (301) 
2-(p-To1uenesu1phony1)- l,4-benzoquinone 
(58 mg, 0.22 m mol) and trans-1-methoxy-3-
trimethylsiloxy-l ,3-butadiene (42 mg, 0.24 
m mol) were shaken together in deuterochloroform 
0 W ITTMS 
0 o OMe 
N 
@ 
3: 
It) 
(0.3 ml). Examination of the solution by 1H-n.m.r. spectroscopy 
revealed an essentially quantitative addi t ion. 1H-n. m.r. o 
0.30, s, 9H, -OTMS; 2.45, s, 3H, -CH3; 1.58 , bdd , J 17. 8 Hz, 
9.4 Hz, lH, HS'; 2.91, s, 3H, -0CH3; 3.22, d, J 17. 8 Hz, HS ; 
3.88, d, J 9.5 Hz, lH, H8a; 3.93, d, J 6.0 Hz, lH, HS; 5.00, 
bd, J 6.0 Hz, lH, H6; 6.62, d, J 10. l Hz, lH, HZ or H3; 6. 84, 
d, J 10. l Hz , lH, H2 or H3; 7.32, d, J 8 .2 Hz, 2H, aroma tic; 
7.78, d, J 8.2 Hz, 2H, aromatic. 
The adduct (301) decomposed on removal of solvent. 
2, 4a - Di ch l or o- 4a , 5, 6,8,8a - penta hydro - 5- meth oxy- naphtha l ene-
l ,4,7- tr i one (302) 
2,4a-Dichloro-4a,5,8, 8a-tetrahydro-5-
methoxy-7-trimethylsiloxy-naphthalene-l ,4-
dione (165 mg, 0.47 m mol) was treated with 
THF/5% hydrochloric acid (1:1, 2 ml) for 
2 min. The solution was extracted with chloroform and the 
extracts washed with water, dried and freed of solvent to afford 
the ketone (302) .. (119 mg, 92%), an unstable pale yellow solid. 
I I I. H H-n.m.r. o 2.65-3.44, m, 4H, H6 or H6 , HS, HS , 3. 19, s, 3 , 
OCH3 ; 3.78, d, J 6.7 Hz, lH, H8a; 4.04, t, J 2.8 Hz, lH, HS; 
+ 7.19, s, lH, H3. Mass spectrum m/z: 276 (M·, 6%), (Found: 
+ 
M· 275.9946. c11 H10c1 2o4 requires 275.9956), 242 (10), 220 (7), 
218 (9), 212 (20),211 (13), 210 (76), 209 (15), 208 (100), 
190 ( 6) , 185 ( 1 0) , 184 ( 12) , l 83 ( 28) , 182 ( 3 5) , 181 ( 16) , 
180 (20), 164 (15), 163 (70), 154 (9), 152 (9), 149 (8), 148 (7), 
14 7 ( 20), 146 ( 9) , 145 ( 46) , 1 20 ( 16) , 11 9 ( l 5) , 118 ( l O) , 
11 7 ( 6) , 116 ( 9) , l 00 ( l 4) , 9 2 ( l 3) , 91 ( 6 ) , 8 9 ( l 3) , 88 ( 6 ) , 
85 (11), 74 (6), 65 (6), 63 (17), 62 (8), 53 (10), 42 (10), all 
other peaks less than 5%. 
210 
2-Chloro-7-hydroxy-l ,4-naphthaguinone (199) 
2,5-Dichloro-l ,4-benzoquinone 
(41 mg, 0.23 m mol) and trans-l-methoxy-
3-trimethylsiloxy-l,3-butadiene (107 mg, 
0 
O~OH yg 
0 
0.62 m mol) were stirred together in chloroform (0.3 ml) for 
5 min., the solvent and excess diene were removed and the residue 
dissolved in chloroform (0.3 ml) and treated with pyridine (3 
drops). The mixture was diluted with chloroform (20 ml), washed 
with hydrochloric acid (5%) THF (1 :1, 40 ml), dried and evaporated 
to dryness to afford 2-chloro-7-hydroxy-l,4-naphthaquinone (19 mg. 
40%) after recrystallisation from chloroform) as bright orange 
crystals, m.p. 208-210°. (Found: C, 57.6; H, 2.5; Cl, 16.7. 
c10H503Cl requires C, 57.6; H, 2.4, Cl, 17.0%). U. v. ( EtOH) 
"max ( e: ) 268 ( 22424) , 350 (1 424 ), 402 (2291) nm. I. r · vmax 
3430m, 3390m, 1685s, 1656s, 1612s, 1590s, 1310s, 1292s, 1246m, 
1235m, 1200w, 1124w, 1114w, l 060s, 953w, 907w, 901w, 884w , 860w , 
840s, 801w, 750w, 726w cm- 1 • 1 H-n.m.r. (d 6 -acetone) o 7.22, 
s, lH, H3; - 7.28, dd, J 2.5 Hz, lH, H6; 7.94, d, J 8.4 Hz, lH, 
HS; 7.50, d, J 2.5 Hz, lH, HS ; 9.75, br, lH, OH. Mass spectrum 
m/z: 211 (5%), 210 (36), 209 (14), 208 (M\ 100), 182 (10), 
211 
180 (27), 174 (12), 173 (84), 150 (10), 146 (9), 145 (71), 122 (5), 
120 (15), 117 (16), 92 (20), 91 (5), 90 (5), 89 (19), 87 (7), 
76 (7), 74 (8), 71 (24), 64 (7), 63 (30), 62 (14), 61 (6), 60 (7), 
57 (7), 53 (12), all other peaks less than 5%. 
4a ,5,8 ,8a-Tetrahydro-5-methoxy-7-tri methy l s i loxynapht hal ene-
l ,4-di one (305 ) 
212 
1,4-Benzoquinone (202 mg, 1. 87 m mol) and 
trans-l-methoxy-3-trimethylsiloxy-1 ,3-butadiene 
(327 mg, 1.90 m mol) were stirred together at 
room temperature in chloroform (0.3 ml) for 5 min. 
~ OTHS 
0 H OCH3 
The solvent and excess diene were removed to afford a quantitative 
yield of the adduct (305), an unstable pale yellow oil . 1H-n.m.r. 
(d 6 -benzene) o 0.24, s, 9H, OTMS; 1.95, mdd, J 18.5 Hz, 9.0 Hz, 
lH, H8; 2.52, dd, J 9.0 Hz , J - 7.0 Hz, lH, H8a; - 2.94 obscured, 
lH, H4a; 2.96, s, 3H, OCH3; 3.15, d, J 18.0 Hz, lH, H8'; 3.97, 
dd, J 5. 4 Hz, 4. 1 Hz, lH, HS; 5.06, dt, J 5.4 Hz, - 1. 3 Hz, lH, 
+ H6; 6.42, s, 2H, H2, H3 . Mass spectrum m/ z: 281 (6%), 280 (M·, 
+ 
22), (Found: M· 280.1131. c14H20Si04 requires 280.1131), 250 (5), 
249 (17), 248 (10), 237 (6), 233 (6), 231 (7), 203 (5), 173 (6), 
172 (30), 171 (7), 167 (7), 159 (5), 158 (10), 157 (65), 151 (12), 
143 (5), 142 (10), 141 (43), 115 (8), 114 (45), 91 (7), 89 (15), 
83 (10), 82 (9), 77 (8), 75 (25), 74 (10), 73 (100), 65 (5), 
59 (15), 55 (12), 54 (14), 53 (3), 51 (5), 45 (31), all other 
peaks less than 5%. 
4a,5,6,8,8a-Pentahydro-5-methoxynaphthalene-l,4,7-trione (304) 
Benzoquine (49 mg, 0.45 m mol) and 
trans-1-methoxy-3-trimethylsiloxy-1,3-
butadiene (87 mg, 5. 04 m mo l ) were stirred 
together for 5 min . in chloroform (0 .3 ml). 
The solvent was removed and the residue treated with 5% hydrochloric 
acid/THF (1 :1, 5 ml) for 2 min. The solution was extracted with 
-
--
dichloromethane, dried and freed of solvent affording the ketone 
(304) (49 mg, 52%), an unstable pale yellow oil. 1H-n.m.r . o 
2.12-3.61, m, 6H, H6, H6', H8, H8', H4a, H8a; 3.13, s, 3H, OCH
3
; 
4.10, dd, J 5.4 Hz, 2.7 Hz, lH, HS; 6.71, d, J 10.3 Hz, lH, H3 
or H2; 6.88, d, J 10.3 Hz, lH, H2 or H3. Mass spectrum m/ z: 
213 
209 (6%), 208 (Mt, 34), (Found: M; 208.0737. c11 H12o2 requires 
208.0735), 180 (5), 177 (11), 176 (82), 175 (15), 174 (27), 166 (9), 
151 (8), 150 (30), 149 (9), 148 (31), 147 (21), 146 (23), 145 (5), 
135 (9), 134 (8), 131 (7), 123 (14), 122 (65), 121 (15), 120 (46), 
119 (8), 118 (29), 110 (7), 109 (6), 107 (8), 106 (5), 103 (5), 
102 (5), 101 (5), 100 (40), 95 (ll), 94 (40), 93 (8), 92 (23), 
91 ( 14) , 90 ( 5) , 89 ( 7) , 87 ( 5), 86 ( 9), 85 ( l 00) , 84 ( l 7) , 83 ( 9) , 
82 ( 91 ) , 81 (5), 79 ( 6) , 78 ( 5) , 77 (11), 75 (6), 74 (9), 71 (14), 
69 ( l 2) , 68 (10), 67 (12), 66 (24), 65 (14), 64 (8), 63 (20), 
62 ( l O), 61 ( 5), 60 ( 16) , 59 (25), 58 (7), 56 (20), 54 (40), 
53 (13), 52 (5), 51 ( l O) , 50 (6), all other peaks less than 5%. 
Ketone (304) decomposed on attempted Kuglerohr distillation . 
l ,4.7-Triacetoxy-5,6-dihydro-5-methoxynaphthalene (307) 
A solution of l ,4-benzoquinone 
(197 mg, 1.83 m mol) and trans-l-methoxy-
3-trimethylsiloxy-l ,3-butadiene (358 mg, 
2.08 m mol) in chloroform (1 ml) was 
~~' 
OAc OMe 
stirred at room temperature in a stoppered flask for 15 min. 
The solvent was removed from the solution and the residue treated 
with 5% hydrochloric acid/THF (1 :1, 2 ml) for 5 min . The mixture 
was poured into chloroform (20 ml), washed with hydrochloric acid 
(5%), water, dried and the solvent removed. The residue was 
-
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treated with acetic anhydride (3 ml) followed by pyridine (l ml) 
and the resulting solution stirred overnight under an atomosphere 
of nitrogen. 
The solution was poured into 5% hydrochloric acid and 
extracted with chloroform. The organic extract was dried and 
evaporated to dryness. The residue was triturated with petroleum, 
washed with methanol to afford l ,4,7-triacetoxy- 5,6-dihydro-5-
methoxynaphthalene (121 mg, 66 %) which crystallised as chunky 
colourless crystals, m.p. 147-148°. (Found: C, 60.9; H, 5.2. 
c17H18o7 requires C, 61. l; H, 5.4%). U.v. \max(£) 263 (11857), 
293 (3513), 302 (2942) nm. I.r. vmax 1760s, 1672w, 1373s, 1350m, 
1329w, 1210s, 1175s, 1163m, 1140s, 1080m, 1040m, 1023m, lOllm, 
925w, 904w, 880w, 855w, 823w, cm- 1 • 1H-n.m.r. 6 2.15, s, 3H, 
I vinyl OAc; 2.27, s, 6H, OAc; 2.29-284, m, 2H, H6, H6; 3.21, s, 
3H, OCH3; 4.56, dd, J 2.4 Hz, 4.9 Hz, lH, HS; 6.38, d, J 2.2 Hz, 
lH, H8; 7.00, d, J 9.4 Hz, lH, H2 or H3; 7.14, d, J 9.4 Hz, lH, 
214 
+ + H2 or H3. Mass spectrum m/z : 334 (M·, 10%), (Found: M· 334. 1055. 
c17H18o7 requires 334. 1052); 298 (7), 297 (36), 250 (18), 229 (5), 
228 (18), 177 (18), 176 (100), 175 (8), 148 (6), 147 (6), all 
other peaks less than 5%. 
l,4-Diacetoxy-5,6-dihydro-8-methoxynaphthalene-6-one (308) 
l ,4-Benzoquinone (21 mg, 0.02 m mol) and 
trans-l-methoxy-3-trimethylsiloxy-l,3-butadiene 
(42 mg, 0.24 m mol) were stirred together in 
chloroform (0.3 ml) at room temperature for 15 
~o 
OAc OMe 
min. The solvent was removed and the residue treated with acetic 
anhydride (24.3 mg, 0.238 m mol) and pyridine (0.3 ml) at room 
-
temperature for 6h. The solution was diluted with chloroform, 
washed with saturated sodium bicarbonate, 5% hydrochloric acid, 
dried and freed of solvent to afford the ketone (308) (38 mg, 
67%); an oil which could not be further purified. 1H-n.m.r. 
o 2.31, s, 3H, OAc; 2.36, s, 3H, OAc; 3.26, s, 3H, -OCH3; 4.83, 
t, J 3.0 Hz, lH, HS; 7.23, s, 2H, H2, H3; 3.00, dd, J 14.0 Hz, 
3.0 Hz, lH, H6; 2.59, dd, J 14.0 Hz, 3.0 Hz, lH, H6'; 3.51, s, 
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+ + 2H, H8, H8'. Mass spectrum m/z: 292 (M·, 5%), (Found: M· 292 .0946 . 
c15H16o6 requires 292.0947), 250 (5), 219 (6), 218 (30), 208 (7), 
177 (13), 176 (100), 152 (12), 148 (18), 147 (5), 110 (45), 
43 (24), all other peaks less than 5%. 
l ,4,6-Triacetoxynaphthalene (306) 
To l ,4-diacetoxy-5,6-dihydro-8- · 
methoxynaphthalene-5-one (193 mg, 0.66 
m mol) dissolved in dry acetic anhydride 
(0.6 ml) was added anhydrous ferric chloride 
OAc Q©fM, 
OAc 
(several crystals) . The mixture was stirred overni ght protected 
from atmospheric moisture, diluted with chloroform, washed 
exhaustively with saturated sodium bicarbonate solution, dried 
and evaporated to dryness. Column chromatography (silica) on 
the residue afforded the naphthalene (306) (53 mg, 27%); 
identified by p.m.r. and mass spectroscopy. 
6-Hydroxy-l ,4-naphthoguinone (309) 
Method A 
1,4-Benzoquinone (109 mg, 1.01 mmol) 
and trans-l-methoxy-3-trimethylsiloxy-
0 
~OH Y9 
0 
1,3-butadiene (191 mg, 1.11 m mol) were stirred together in 
chloroform (3 ml) for 15 min., the solvent removed and the 
Ii 
residue treated with isopropenyl acetate (225 mg, 2.25 m mol) 
and pyridine (214 mg, 2.70 m mol) for 12h . The solution was 
diluted with chloroform (20 ml), washed with hydrochloric acid 
(5%, 2 x 20 ml), dried and evaporated to dryness to afford 
6-hydroxy-l ,4-naphthoquinone (106.2 mg, 61 %) which was purified 
by vacuum sublimation (ca . 115°@ 0.2 mm Hg), m.p. 150° dee. 
. 86 0 I (lit. m.p. 170 dee.). H-n.m.r. o 3.80, br, lH, OH; 6.91, s, 
2H, H2, H3, 7. 22, dd, J 8.4 Hz, 2.7 Hz, lH, H7; 7.46, d, J 2.7 Hz, 
lH, H5; 8.01, d, J 8. 4 Hz, lH, H8 . Mas s spectrum m/z : 176 (5%), 
175 (14), 174 (M\ 100), 149 (13), 147 (6), 145 (5), 125 (5), 
l 2 3 ( 6 ) , l 21 ( 6 ), l 2 0 ( 3 5 ) , 11 8 ( 2 6 ) , l 06 ( 8 ) , l 04 ( 8 ) , 9 7 ( l O ) , 
95 (9), 92 (18), 89 (6), 85 (13), 83 (9), 81 (8), 75 (5), 74 (10), 
69 (10), 63 (11), 59 (6), 57 (13), 55 (10), 43 (9), all other 
peaks less than 5%. 
Method B: 
l ,4-Benzoquinone (202 mg, 1.87 m mol) and trans-l-methoxy-
3-trimethylsiloxy-l ,3-butadiene (327 mg, 1.90 m mol) were stirred 
together in benzene (5 ml) at 60° for 10 min. The solution was 
evaporated to dryness and the residue refluxed in glacial acetic 
acid (5 ml) with sodium acetate (310 mg, 3.78 m mol) for 5 min. 
The solution was diluted with water and extracted with chloroform, 
dried and evaporated to dryness to afford the orange quinone 
o 86 O ) (309) (110 mg, 34%), m.p. ca . 150 dee. (lit . m.p . 170 dee .. 
Method C: 
l ,4,7-Triacetoxy-5,6-dihydro-5-methoxynaphthalene (27 mg, 
0.81 m mol) and zinc acetate dihydrate (10 crystals) were 
refluxed together in methanol (5 ml) for 3h. The solution was 
cooled, filtered and the filtrate evaporated to dryness . The 
216 
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1, 
1, 
residue was separated by preparative thin layer chromatography 
using chloroform as eluant to afford the quinone (309) (10 mg, 
69%) which was purified by vacuum sublimation (ca. 115°@ 0.2 
mm Hg), m.p. sublimes about 135°, 145-150° dee. 
Method D 
p-Benzoquinone (66 mg, 0.62 m mol) and trans-l-methoxy-
3-trimethylsiloxy-l ,3-butadiene (109 mg, 0.64 m mol) were stirred 
together in pyridine (0.3 ml) for 5 min. Excess trifluoroacetic 
anhydride was added and the mi xture allowed to stand 3 days, 
diluted with chloroform, washed with dilute hydrochloric acid 
(5), dried and freed of solvent. 
The residue was further purified by preparative thin layer 
chromatography on silica using ether-petrol (25:75) as eluant 
to afford the quinone (309) (32 mg, 30%) as orange needles, 
0 m.p. ca. 150 dee. 
l ,4,6-Tri(tri me thylsiloxy )-naphthalene (310) 
p-Benzoquinone (122 mg, l. 13 m mol) and 
trans-l-metho xy-3-trimethylsiloxy-l ,3-butadiene 
(203 mg, 1. 83 m mol) were stirred together in 
chloroform (0.3 ml) for 10 min. The solvent 
OTMS 
~OTMS 
~ 
and excess diene were removed and the residue treated with excess 
trimethylsilylchloride (0.3 ml) and pyridine (l ml) for 3 days. 
Chloroform was added and the mixture washed with 5% hydrochloric 
acid. The organic phase was dried, freed of solvent and purified 
by Kugelrohr distillation to afford the naphthalene (310) (281 mg, 
63%) as a pale yellow oil, b.p. ca . 200°@ 0.05 mm. (Found: 
C, 58.2; H, 8.2. c19H32Si 303 requires C, 58. l, H, 8.2 %. U.v. 
(EtoH) Amax (E) 248 (27726), 297 (4378), 308 (4597), 325 (3502), 
217 
339 (3283) nm . I.r . vmax (liquid film) 2970s, 1625m, 1597s, 
1458s, 1432s, 1352s, 1329m, 1271s, 1254s, 1215s, 1157m, 1071s, 
961m , 900s, 845s, 754m, cm- 1 • 1H-n.m . r. o 0.30, s, 27H, -OTMS; 
6. 54, d, J 8.0 Hz, lH, H2 or H3; 6.69, d, J 8.0 Hz, lH, H2 or 
H3; 7.04, dd, J 9.0 Hz, 2.4 Hz, lH, H6; 7.42, d, J 2.4 Hz, lH, 
HS ; 7.96, d, J 9.0 Hz, lH, HS . Mass spectrum m/?: 395 (5%), 
394 (19), 393 (39), 392 (M\ 100), (Found: Mt 392.1656. 
c19H32si 303 requires 392. 1659), 377 (9) , 73 (10), all other 
peaks less than 5%. 
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APPENDIX I 
I.l Introduction 
While the use of quinizarin diquinones (1) and (2) as 
anthracyclinone substrates has been popular1; the problem of 
site selectivity (previously discussed on 
page 8) has been a major and unpredictable 
problem2. We felt that activation of the 
external doublet bond might offer a solution 
to this problem. The sulphone group has been 
0 0 Q¢Q 
R O 0 
1. R= H 
2. R= OMe 
used in this role elsewhere in this thesis and this appendix 
reports on the preliminary application of this methodology to 
quinizarins. 
I. 2 Synthesis of substituted quinizarins 
Oxidation of quinizarin (3) with lead tetracetate3 gave 
diquinone (1) (scheme 1) which was treated with sodium p-tolu-
enesulphinate to afford quinizarin (4) (1 H-n.m.r. spectrum: 
figure 1). 
0 OH 
«» 
0 OH 
0 0 
~ 0 0 
3 l 4 
Reagents: (a) Pb(0Ac) 4 , AcOH; (b) NaS02(c6H4)CH3. 
Scheme 1 
Unfortunately several oxidising agents customarily used to 
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prepare high potential quinones failed to 
oxidise quinizarin (4) (scheme 2) . The 
successful oxidation of quinizarin (4) to 
diquinone (5) remains to be accomplished in 
order to test our original hypothesis. 
0 0 
«)),,so2@-c"i 
0 0 
5 
• 
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,..---------- -·-
-OH ~ 
: : 
1L. 12 10 8 6 2 0 
Figure 1 1H-n.m.r. spectrum (80 Mhz, F.T.) of compound (4) in crx:1
3
. 
black tar __ a __ 
Reagents: 
0 OH 
4 
(a) Ag 2o, acetone, 6
4; 
5 (d) N204, CCl4 ; (e) 
(g) Mn02, petrol
8 
S021Q' CH3 ~ b,c,d.e.f or g 
No reaction 
(b) 02,0H-; (c) Pb(OAc)4 3 ; 
6 7 Ag 20, ether ; (f) Ag(II)O ; 
Scheme 2 
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I. 3 Experi mental 
For general experimental details and conve ntion see page 146. 
l ,4-Dihydroxy-2-(p-toluenesulphonyl)-anthraquinone (4) 
To a solution of anthracene-
1,4,9,10-tetraone 3 (66 mg, 0.28 m mol) 
dissolved in acetic acid (25 ml) was 
0 OH 
added sodium p-to luene sulphinate dihydrate (199 mg, 0.93 m mol) 
whereupon the solution turns bright red (30 min .). Dilution with 
water and filtration affords l ,4-dihydroxy-2-(p-toluenesulphonyl )-
anthraquinone (82 mg, 75%) which was recrystallised from glacial 
acetic acid, m.p. 230° sublim. (Found: C, 64.0; H, 3.6; S, 8.3. 
c21 H14so6 requires C, 64.0; H, 3.6; S, 8.1 %). U.v. Amax (E) 252 
(17552), 258 infl. (15834), 275 infl. (5891), 325 infl. (2455), 
470 (5646) nm. I.r. vmax 1635s, 1590s, 1516w, 1414s, 1334s, 
1328s, 1314s, 1296s, 1267s, 1227s, 1207m, 1166s, 1150s, 1081s, 
995m, 924m, 901w, 818m, 800w, 790w, 746s, 704w, 684m, 676w, 658m, 
cm-
1
. 
1
H-n.m.r. o 2.42, s, 3H, CH3 ; 7.34, s, lH, H3; 7.77-8.04, 
m, 2H, aromatic; 8.20-8.39, m, 2H, aromatic; 12.56, s, lH, OH; 
+ 13.51, s, lH, OH. Mass spectrumm/z 396 (9 %), 395 (25), 394 (M·, 100), 
+ 
(Found: M · 394 .0511 . c21 H14so6 requires 394.0511), 331 ( 16), 
330 (67), 329 (39), 316 (16), 315 (67), 313 (18), 301 (12), 285 (7), 
204 (7), 239 (9}, 238 (10), 227 (9), 184 (6), 183 (9), 158 (5), 
157 (21), 155 (12), 154 (5), 139 (14), 124 (10), 123 (8), 122 (31), 
121 (34), 120 (5}, 115 (6), 105 (10), 104 (5), 102 (9), 101 (18), 
92 (10), 91 (44), 89 (9), 77 (25), 76 (10), 75 (9), 65 (30), 
62 (8), al l other peaks less than 5%. 
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CORRIGENDUM 
1. Page 19 (line 16) and page 39 (line 2); 
11 0-quinodimethanes" should be "o-quinodimethanes". 
2. Page 39 (line 19); 
"2-methylindene" should be "2-methylidene". 
3. Page 40 (scheme 1); 
"HoAc" should be "HOAc". 
4. Page 41 (1 ine 11); 
"Fiesers's" should be "Fieser's". 
5. Page 44 (line 14); 
"synthesis" should be "synthesise". 
6. Page 46 (line 18); 
"prton " should be "proton". 
7. Page 47 (figure i); 
"H "should be omitted. 2&3 
8. Page 47 (figure 1), page 60 (line l), page 60 ( figure 6), 
page 62 (figure 7), page 66 (figure B), page 71 (figure 9), 
page 71 (line 1), page 72 (figure 10), page 72 (line 5), 
page 73 (figure 11), page 73 (figure 12), page 74 (line 9), 
page 78 (figure 15) and page 79 (Table 5); 
"'H-n.m.r." should be "lH-n.m.r.". 
9. Page 50 (scheme 14); 
"Chromic acic" should be "Chromic acid". 
10. Page 52 (figure 2), page 56 (figure 5), page 75 (figure 13) 
and page 75 (figure 14); 
11a6-benzene" should be "benzene-a6". 
227 
11. Page 70 (scheme 35); 
"phospherocyanidate" should be "phosphorocyanidate". 
12. Page 72 (line 1), page 162 (line 23) and page 163 (line 21); 
"thalium" should be "thallium". 
13 . Page 74 (line 5); 
"digitopurone" should be "digitopurpone". 
14. Page 75 (figure 14); 
The 1H-n.m.r. o scale is incorrect. The correct chemical 
shifts are given in corrections 37, 38 and 39 of this list. 
15. Page 76 (line 4); 
"thought, that" should be "thought that". 
16. Page 84 (line 3); 
228 
"gave endo-adducts" should be "gave the respective endo-adducts. 
17. Page 85 (line 12); 
"exo" should be "exo". 
18. Page 85 (figure 16); 
The diagram is inaccurately drawn. 
19 ·. Page 87 (figure 18) and page 106 (figure _34); 
"a6-0MS0" should be "DMS0-d 6". 
20. Page 88 (line 2); 
"afford quinones" should be "afford the respective quinones". 
21. Page 92 (line 4), page 97 (line l), page 105 (line 6), page 109 
(line 4) and page 116 (line 2); 
"l.r." should be "i.r. spectrum". 
22. Page 93 (line 5); 
"I. r." shou 1 d be "i. r.". 
23. Page 93 (line 12); 
"with dienes" should be "with the respective dienes". 
24. Page 96 (line 6); 
"isometic " should be "isomeric". 
25. Page 99 (scheme 54); 
"205. 
"206. 
"207. 
R=CH 3;R=H" should be "205. 
R=Cl ,R=H " should be "206. 
R=H,R=OMe" should be "207. 
26. Page 99 (scheme 54); 
R1=CH3;R2=H", 
Rl=CH3;R2=H" and 
Rl=H;R2=0Me". 
. 
only adduct (207) was converted to quinone (208) on heating. 
27. PagelOl (line2); 
"with dienes" should be "with the respective dienes". 
28. Page 106 (figure 34) and page 136 (figure 50); 
"d5-pyridine" should be "pyridine-d5". 
29. 
0 Page 107 (scheme 61); 
structure 227 is inaccurate. ~ 
H HO) / g) 
30. Page 126 (line 2); 
H 
227 
"dihydropyridizine intermeadiate" should be "dihydropyridazine 
intermediate". 
31. Page 130 (line 11); 
229 
"(±)-4,demethoxydaunomycinone" should be (±)-4-demethoxydaunomycinone" 
32. Page 135 (figure 49); 
"d6-acetone" should be "acetone-d6". 
33. Page 141 (line 13); 
"precedence" should be "precedent". 
34. Page 145 (line 13); 
"maybe" should be "may be". 
35. Page 152 (line 1), page 166 (line l), page 194 (line 5) and 
page 212 (line 9); 
11 d6-benzene" should be 11 benzene-a611 • 
36. Page 155 (line 10) and page 199 (line 25); 
+ + 
"M II should be "M·". 
37. Page 166 (line 10); 
11 1.24 11 should be 11 1.35 11 , 
"l .45" should be "l .59" and 
"2.48-2.79" should be "2.57-3.13". 
38. Page 166 (line 11); 
"2.66" should be "2.91", 
"4.51" should be 11 4.96" and 
"5.63" should be "6.13". 
39. Page 166 (line 12); 
"5.91-6.21" should be "6.43-6.96 11 • 
40. Page 187 (line 15); 
6 
"d -DMSO" should be "DMS0-a6". 
41 . Page 196 (line 4) , page 208 (line 24) and page 211 (line 17) ; 
11 d6-acetone" should be "acetone-a6" 
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